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1 Introduction attention to noise impacts In choosing

he route and layout of new highways In

April 1972, the Federal Highway Admlais-
trellon issued standards for highway
noise levels In its Policy and Procedure
Memorandum PPM 90-2, "Noise Stan-
dardsand Procedures." These standards

erenotacompleteeolot ontohighway

noise, but "represent a balancing of that
which may be desirable and that which
may be achieved." PPM 90-2 urges high-
way agencies to strive for oven lower
noise levels where they can "be achieved
at reasonable cost, without undue dLffl-

Effective control of the undesirable el- tully, and where the benefits appear to
fects of highway generated noise requires clearly outweigh the costs and effort re-
a three.part approach: qulrad." PPM 90-2 requires consideration

1] Sourceemlsslonreduction of noise abatement measures for devel.
2) Improvedhlghwaydeslgn,and oped areas near new highways, but does
3) Land usecontrol not regulate noise in undeveloped areas,

or along existing roads, Rather, It receg.
The first two components are currently nizesa dual responsibility where
being addressed by private industry and "H_ghwayagencies have the responslbil.
by Federal and state agencies, The third Ity for taking measures that are prudent
area Is traditionally an area of local gaY- and feasible to assure that the Iocatlee
emmental responsibility, and design of highways are compatible

wllh existing land use. Local govern-
Cooperation among all levels of govern- ments, on the other hand, have respone].
meat, Industry and the public in Implo- blllty for land developm'ent control and
mentlng the three part approach is essen- zoning,"
tlel to achieving noise reduction, because
of the limitations of each noise control Thus, land usecontrol will continue to be
approach when applied separately, a crucial component of the three-part ap-

Source emission reduction requires the preach to noise control. Local govern-
development of quieter cars and trucks, monte will continue to have the responsl-
Significant progress is being made In re- blllty for discouraging the developmentof noise senslUvo land uses (such as
search to reduce vehicle engine and ex- homes and schools) in highway noise
haust noise, but tire d.eslgn the major Impacted areas or for ensuring that any
source of high speed tralflc noise, may such development that does occur is
place limits on further ]mprovemenle. planned to minimize the adverse effect_
Improvedhighway design involves greater of noise.



Introduction: The Federal Highway Administration lemsof Iocalcommunitles, A second Ap-
cornmlsslonod the development of this pendlx reviews the noise measures and
manual to assist local governmenl offl- nolsestandards referred to In themanual.
elals in dealing with the problems of
noise-sensitive land uses, Its purpose Is
three-fold',

1) To indicateways in which local govern-
ments can guide the development of un-
developed land In the vicinity of existing
highways.

2) To Indicate ways In which local govern-
ments can reduce the impact of highway-
generated noise upon existing developed
activities,

3) TO recommend additional sources of in-
formation on these issues,

The manualdoes not attempt to presenta
single strategy for achieving noise com-
patibility, but recognizes that solutions
to noise problems will depend on local
conditions and community preferences.
Therefore, a wide variety of potential
techniques are presented and their appli-
cability to differing local conditions eval-
uated. A summary of Iheee solutions is
presented in Section 2, Detailed descrip-
tions of techniques available to local gov-
ernment officials to encourage noise
compatible development are presenled In
Section 3, Section 4 describes methods
which can be used by architects, devel-
opers end builders to achieve noise Irn-
pact reductions. Section 5 outlines pos-
sible strategies for local governments to
Implement a noise compatible land use
program, anddescribes some of the po-
tential obelscles and further sources of
information,

An Appendixdescribes three case studies
of the applicability of the approach of
this manual to the highway noise prob.



Summary of N else • flnanclal In=enllves for compatible usa
Reduction • educational and advisory municipal set-

Techniques vices
Zoning
Zoning can be a strong local control on
the type of new development, but has
little control over existing fend uses. The
principal uses of zoning as a noise com-
patibility control are:

1) Exclusionof typically incompattble uses,
such as residences, from a nolse-lm-
pooledarea by allowing only industrial or
agricultural uses. This Is a simple and el-

This manual describes s variety of tech- fective technique, However, such zoning
niques for achieving noise.compatible may conflict with other plans for corn-
land uses nearhlghways. The techniques munlty growth, and it may render the
are of two lypes: administrative leoh- land worthless lf no demand exlsta for in-
niques which can be used by local gov- dustrlal oragrlcultural land.
eminent officials to require or encourage 2) Regulation of specific details of develop-
Improved noise compatibility, end lhe ment design or construction, such as
physical methods available to architects, Ilmlls on building height or requirements
developers and builders for achieving the for buffer strips, noise barriers, and
desired noteelmpact reduction. This sac- sound Insulating constr_oUon. Th_s _s
flon provides a verybrief summary of the usually effective, but often the appllca-
administrative techniques and physical blllty of the requirements extends to
methods which are described in detail In buildings that do not need the special
sectlons3and4,respocllvely, construction techniques to be noise

compatible.
2.1 Admlnlstr_lt|vo 3) Zoning can permit special development

TecttnlquoB concepts such as cluster and planned
The administrative techniques available unit development. These forms of Incon-
to local governments to encourage noise- live zoning make possible developments
compatible land use control near high- with significant advantages over the con-
ways fall into five categories: ventlonal subdivision.

• .zoning Othor Legal Restrictions• other legal restrictions, such as subdivi-
sion laws, building and health codes Municipal ordinances other than zoning

• municipal ownership or control of the can act as noise compatible land use
land controls:

1)Subdivision or development standards
can regulate details of larger develop-



Summary: ments to require acoustical site planning ment projects. These can conlain a noise taxes, Although this reduces the tax
of the development or to require berms impact section which would require site- base, it also saves the significant costs
and barriers. These standards often do specific acoustical analysis. This Infer- of new municipal services which would
not apply to new construction on Indivld- ruction can act as a valuable aid for mu- be required If the land were developed.
ual lots Ina previously developed area. nlclpal officials who must make decl- 2) Relaxation of enforcement of provisions

2) Building codes can specify construction signs on the appropriateness el any of municipal regulations can, where
details such as acoustic Insulation and permit applications, legal, be used as an incentive to obtain
sealed windows, or, they can require that voluntary acoustical sitedesign andcon.
certain noise levels not be exceeded Murllclpul Ownership or structlon measures from developers and
within a building, However, they cannot Olher Control of the Land builders.
specify such things as acoustical site If the municipality owns the noise-Ira-
planning, which may in many Instances pacted land, it can keep the land vacant Educational and Advisory
be a more desirable alternat Ive than In- or see that It is developed only with noise Municipal Sendces
sulatlon andsealed windows, compatible uses, Acquisition can be ac- Often, builders and developers are un*

3) Health codes can specify noise levels complished by severaltechniques: aware of noise compatibility measures
which are not to be exceeded If a building 1) The land can be purchased, but often at which can be Incorporated into a devel-
Is to be habitable. Health codes have the significant cost. opment at little cost. The municipal gov-
potential of being one of the most con- 2) The landcan be taken by eminent domain srnment can, at very low cost, provide in-
sistently effective noise compatibility under certain situations, but this can be formation to the builders, developers,
controls, extremely costly and locally unpopular, architectural firms, and the public in gen-

4) Local laws can require that an occupancy 3) Landcan be received as a gift, as a condl- eral. to generate the necessary aware-
permit be received before a building can lion of subdivision approval, as a transfer nose. These municipal Information ear-
be used. Issuance of the permit can be from other government agencies, or in vices can lake four forms:
wlthheldunlassallprovislonsofzonlng, tradeforothermunicipallyownedland, 1)An architectural review board can be
subdivision, building, and health codes 4) The municipality can obtain, through created, consisting of part-time citizen
have been met, This can be an excep- purchase or otherwise, an easement volunteers who are skilled In arehllec-
tlonaily effective enforcement mecha- which restrictsthe land without an actual lure. acoustics, and relaled fields, This
nlsm, transfer of ownership. This may often board can evaluate all new development

5) A special permit procedure requiring in- represent a low cost way to obtain sider plans. Its effectiveness is a function of
dividual review of each building applies- landuse control, the support given it by other municipal
tlon can exist either as part of a zoning officials.
ordinance or as a general municipal ordi- Financial Incentives 2)A municipal design service can exist
hence. Thus an administrative body In While a financial Incentive may not have either formally or informally as part of the
the municipal government can grant or the absolute strength of enforcement various permit application review prose-
deny the permit based on a judgement of that municipal ownership and legal regu- dures.
the merits ofeach specific case. This has latlons have, It can be effective, Financial 3) An acoustical Information library can be
the advantage of Individual case-specific Incentivecan take two forms: maintained bythe municipality as a refer-
judgement andthe possible disadvantage 1) Undeveloped and underdeveloped land ence source for local builders and devel-
of being subject to arbitrary decisions of can be assessed at a low rate. This will opera.
a poorly staffed permit review board, reduce pressure on landowners to sell or 4)A public Information effort can resull in a

B) Environmental Impact statements can be develop land which they can no longer public awareness of noise Incompaflbil-
required In some states for new develop- afford to keep because of high property fries and their prevention, This. In lurn,
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could affect the marketability of Incom- 3)Uslng buildingsas borders; trees and shrubs, and combinations of
patlbre homes and other development, 4)Orienting noise-sensitive Pulldlngs to these materials, The choice between
placing financial pressure on buPders face away from the noise source, these depends on a variety of factors, in-
and developers Io achieve noise cam- eluding thedeslred level of sound reduc.
patibllity. Acoustical Architectural Design Acoustl- tlon, space, cost, safety and aesthetics.

col architectural design incorporates
2.2 Physical Methods to noise-reducing concepts in the details of

Reduce Noise Impact Individual buildings. The areas of arshl-
Physical noise reduction technJques can tectural concern include building height. 2.3 Implementation Strategies
be grouped into four major categories: room arrangement, window placement,

• acoustlcalsiteplannlng and balcony and courtyard design. For An implementation strategy, using nor-m_ administrative structure, Is pro-
• acoustical architectural design example, in some cases, noise impacts
• acousticaroonstruction can be reduced If the building Is dmlted sented for a noise compatibility land
• nolsebarrlers leone story; and If bedrooms and riving- use control program• The strategy is

rooms are placedln the part of the butld, divided into five major phases; 1)
Thesephyslcaltechniquesvary widely In Ing which Is farthest from the noise problem identification, 2) examination
their noise reduction characteristics, source while kgchens and bathrooms ere and selection of administrative tech-

niques suited to the locality, 3) study
their costs, and especially, In their appll- placed closerlo the noise source, of legal status, 4) study of State lagis.cabdity to specific locations and con-
ditions. AcoustlcalCosstractlonAcoustlcalbulld- latlve changes, and 5) Implementation.

Ing construction is the treatment of the Since considerable time might be
Acoustical 'cite Planning Acoustical site various parts of a building to reduce In- required to implement this strategy, a

. pJanhing uses tile arrangement of build- tedcr noise impacts. It includes the use stopgap procedure is also presented.
Ings on a tract of land to minimize noise of walls, windows, doors, ceilings and

' impacts by capltarJzlng on the site's nat- floors that have been treated to reduce The problems posed by the Implement-
ural shape end contours. Opportunities sound transmission Into a building. The allen of this manual are enumerated
for successful acoustical site planning useefdensematedalsandtheuseofalr. These problems Include: 1) public
are deterrq!ned by the size of the lot, the spaces within materials ere the prlnslpre apathy, 2) limitations under State laws,
terrain, qnd the zoning, In general, con- noise reduction techniques behind 3) financial cost to the municipal
ventIonal zoning patterns lack the flexl- acoustical construction. Acoustical con- government, 4] negative physical and
bllity necessary to permit innovative site struotion can be an expensive technique, aesthetic side effects, 5) opposition
planning techniques. A possslble way to especially when added to an existing with private interests, and 6) conflicts
achieve the needed flexibility is through building; however, it need not be pro- with local tradition.
the use of cluster and planned unit devel- hlbltlvely expensive_n new construction.
opment techniques. Acoustical site plan* II Is one of the most effective ways of re- Other sources of information regarding
n[ngtechnlquesinclude: duclnginterlornolse, issues on highway noise control are

1)Placlngasmuchdlstanceas possible be- listed. These sources provide compre-
tween the noise source and the noise Noise Barriers Noise barriers can be hensive information in the area of
seneitiveacgvity; erected between noise sources and acoustics, the effects of noise, noise

2) Placing noise-compatible acflvJtlss such noise-sensitive areas. Barrier types in- standards, prediction techniques, Im-
as parking lots, open space, and cam* clude berms made of sroping mounds of pact reduction techniques, and noise
merclal facilities, between the noise earth, walls and fences constructed of a c_ntrol legislation.
sourceandthessnsitiveactlvlty; variety of materials, thick plantings of

7



3Administrative ;:,,=:_;=,:::= In evaluating alternative administrative

Techniques techniques, these factors must be kept in............................ mind--

1)The authority for creation and enforce-
ment of local laws and regulations of this

:::::!: _ manual usually comes from the "police
powers" which are delegated to the local
governments by the state. The enabling
acts through which the various states
delegate the police powers differ from
state to state, and the ability of the local
government to enact laws is limited to

,_::_;,:_:_;= Items specifically contained In the appro-
priate enabling act. Accordingly. tech-

There are two basic types of tools avail- niques available to communities In one
able for the prevention of noise Incom- state may not be legal In other states,
patlble land use: the physical techniques The legality under Individual state enabl.
which reduce noise Impacts and the ad- ing acts must be determined and re-
minlstrative methods available to local solved before any administrative tech-
governments to encourage Ihelr use, niqueisserlouslyconsldered.
Section 4 of the manual describes the 2) AdmlnlstTattvecosteaasoclated with the
range of design and construction lech- use of each technique also vary across
nlques available. This section analyzes local governments. In general, It Is most
allernatlve administrative actions to an- efficient tochoose a strategy thai Is con-
sure their adoption, sistent with the already existing govern-
The available administrative techniques mental structure for a particular sltua-
are categorized in this manual in fivegen- tion, such as using existing officials to
eral groups: oversee the program rather than creating

11Zoning new positions.
gIother legal restrictions (subdivision con- 3)Variations In terrain, traffic, population

trol. building codes, health codes), density and noise sensitivity occur within
3) Municipal ownership or control of the as well as between munlclpalllles. Rogu-

land. lalions must be flexible enough to allow
4) Financial incentives for compatible de- the exercise of sound administrative

velopment, and judgment to treat each situation indlvld-
51 Educational and advisory services, ually,

Usually, the best solution for the municl- Despite theal0ove limitations, the variety
panty will be a combination of several of available techniques Is great enough
techniques chosen to cover lhe widest Io ensure Ihat most communities will be
possible range of noise Incompatibility able to find a combiner)on of techniques
situations, appropriate to control local problems

g



while remaining consistent with both ! t_, _: "..,
statelaw and the administrative structure /,l./_;It" _'_ •

of the munlcipagty, /,/".. _.._,.._+/'_/,,'' _

One administrative technique not dis- ]' -=_
cussed In detail in this manual Is the mu- _ ]:,_.t',_.: m

, P . =a _ ¢. t*6.niclpal noise ordinance. While a well ,. , .. e:H_,
written and properlyenforced noise ordl- _- _..J '+..

nance can be a major factor in the reduc- p ,.. -._
tion of noise at its source, it can have _ "".._
little or no effect on controlling the com-
patibility of land uses constructed in
areas where noise exists, Desplle this
limitation, a noise ordinance should be
considered as an Important component
of a municipality's legal and administra-
tive structure.

3.1 Zoning /
Zoning is a commonly used local admin-
istrative technique to direct land use in
accordance with a plan for orderly com-
munity growth. The zoning ordinance, or
bylaw, specifies what type of land use Is
permitted In each zoning district. Zoning
specifications have been used to control
environmental emission, signs, off.street
parking facilities, lot s]ze, frontage, max-
imum building height, and ratio of open I"l_,_ _"_",
space to developed land. These prece- =,,

dents make zoning a useful tool for noise
control in most localities.

Since the areas wghln a community

which are impacted by excessive noise \\ °_"
probably do not coincide with the tradi-
tional zoning districts, s method must be
developed to define the areas where any KEY
acoustical regulations apply, Onemethod ,_
would be the creation of a series of new I Industrial

noise Impacted zones on the existing RO Resldontisl
zoning map. For example, each residen- ,, ..'_
tlal zone could be split Into two zones RS Residential _. _ .... /

3,1 A portion of a zoning map without
Idenllflcatlon of noise-impacted
_lrOlls,

9
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identically conlrolled except for noise /1( .=, _ \ LI f '_,

for each commercial, business or Indus- . _T_ -

trlal zone (Ses Figs. 3.1 and3.2). . "_" ]

A simpler alternative to the creation of an /..- "_.;entire series el new zones is the creation
ot a single "overlay zone," An overlay "' /
zone Is a special purpose zone which Is
superimposed over the regular zoning
map (See F_g, 3.3), Often s.ch zones are
called "superimposed dlslrlots," and
they are used for a variety of reasons in-
cluding wetlands protection and airport

eompatibliily, \*
In this case, the overlay zone could be air
land which Is exposed to noise over a
certain level such as 65 dBA, Or it could /
bedefined, more easily but lessapproprl- /
ately, as all landwithin a csdaln distance (
from the highway,such as 500 feet. Land
which (alto in sucha zone wouldbe sub-
ject not only to Ihe regulations pertaining
to the regular zone In which it Jles, but
also to lhe sddillonal regulalion8 pertain-
ing to the overlayzone. Such a techn(que
is much less cumbersome legally and
administratively than the creallon of an L_

entire series of special zones (single =1_.1 __if_mily residential, multi-tamely residen-
tial, commercial, etc.) in the noise im-
pacted portion of the community. KEY

Enforcemenl of the provisions of _, zon. I Industrial
leg law has traditionally been accom.
prielled prior to development and con. I" Induslrial. Nolselmpected

otructlon through lhe approval of plans Re Residential
and permits, WbLLethis borers-the-fact
enforcement processhas severalobvious Re' Residential. Noise/mpaclsd _._

advantages, II does not always provide RS Residential
complete protection against conditions ._
whLch only become apparent _tter con. RS' Res den Is - Noise repasted" I

3.2 Idenlnlcation of noise Impacted
areas by c_oallon or ¢ 8cries (_t
n6wzone=J

10



struction is well underway. This is espe- : _t.., '_'_
trueforItemssuch as nolselevels " IJFc]aHy

and nolBe attenuation measures which _, _=
can only be accurately measured after the ; _._.

construction Iscomplete. . ..... :,# ,_....
In recent years, an increasing number of ",=._.,
municipalities have instituted an addi-
tional enforcemenl measure--the oeou-
pancy permit--which provides effective
after-the.fact enforcement.

Zoning can beused in four waysto Insure
that future development will be compel- \,
ibis with nearby noise sources:

1)by exclusion of typically incompatible
uses from noise impacted areas,

2) by regulating specific details of develop- /
ment design or construction. /

3) by permitting special development tech- i
nlques such as cluster and planned unit
development which enable noise com-
patible site design, and

4) by defining the areas of applicability of
other local regulations.
These four roles of zoning are discussed
in the pages which follow. _\ L_/

3.1.1 Excluding Incompatible l /Land Uses

The land in a noise Impacted area can be
zoned for noise compatible uses, such as
commercial, agricultural or industrial. It
is a simple and direct technique which
will work if the community has a non- KEY
cumulative 1 type of zoning law which
prohibits, for example, residences or I Industrial

other sensitive uses In the Industrial RO Residential / "%.
zone.

RS Residential
Unfortunately, there is usually not .4,
enough demand for such noise compat, i::. ! Noise Impacted , ,
Ible land uses to afford every community _ Superimposed District ..... " _ _ _',_

1 Under cumulative zonlng_ zones automatically permiUed In higher 3,3 Identlncanon Of noise ImpactoO
are ranked In 8ome thigh to low use zones, such as heavy Indus- area by ovenay zone
gaol sequence such al heavy In. trial, but the reverse Is not Irue,
duairial_llght InduSlrial commer- Non.cumulative zoning does not
clal, muln-famey residential, autemancally permit uses other
=ingle family re=lgenneh Any u=e than those epeclncally allowed in
pertained In a low use zone, =uch a given zone. 11
ae a single family re=ldentlai. I=



the luxury of lining bolh sides of all high- 3)Height restrictions, and Is one acre (43,560 sq. ft,) and minimum
ways with them, If all the communities 4)Construction techniques, lot width (frontage) Is 125 feet, lots laid
w(thln a region were to adopt this teeh- out with mlnlrnum frontage will be over
nlque, theywould make the Jand Involved There Isaneed for caution in the applies- 340 feet deep and could easily Incorpo.
useless. Thus there could be legal action tton of any of these requirements. While rate a buffer of 200 feat or more between
against the communlty to reooverdam- each of the techniques will usually lherearofthehouseandtherearlotllne.
ages Ior what could be considered a reduce the effects of noise, there are (See Fig, 3,4) Lots of mlnlmurn frontage
"taking without compensation." peculiar factors about many sites which wllh house relatively close to the reslden-

may rendera given technique completely tlal street are usually the most egonornJ-
Furthermore, this type of strip zoning Ineffective. It is also possible that other cal to create In a subdivision because of
mey not be compatible with other plans site.specific conditions have already re- the high costs associated with street
for the orderly growth and development dated the noise Impact thereby making construction, driveways, and utilities,
of theoommaeity, or it could be In direct the required techniques redundant. (See Fig. 3,5). Thus, no particular hard.
conflict with the deveJoprnentpatterns of Either way, any extra money spent to ship is imposed on the developer. Con-
adlaeent communities, satisfy the zoning requirement would not versety, areas zoned for 1o,0gg square-

The techn_quBof zoning noise Impacted produce the desired beneficial effects, foot lots could not Incorporate buffer
areas for compatible land uses should Thus, each requlrernent in a zoning ordi- strips of any significant width without, fnnance for acoustical construction or site effect, decreasing the total number of
only bscons_dered ff: design practices should have a provision buildable lois that could be created out

1) Non-cumulative zoning is legal under for exception If site-specific conditions of a subdivision tract. Whether the see-
state law. so dictate, Local municipal structure will nomlc hardship thus created Is justified

2) The locality has determined that (after determine the exact form that the excep- must bedetermined on a local basis.
thorough study) such a land use pattern llon mechanism should take,
is compatible with the growth plans, The following example of a model article
safety, and quattty of tire of the corn- Buffer Strips An overlay zone Incorpo- 4ncorporates the buffer requirement dl-rated into the zoning bylaws could re- rectly intothezonlng bylaw. 1munity and the region, as well as with the
already existing land uses in the area, quire a bufferstrip between all residentialconstruclien in that zone and the

3)A local noise control ordinance or a
similar ordinance within the zoning by- highway, This requirement can be directly

stated In the zoning bylaw, or it can belaw will preventthe uses In the zone near
the highway from in turn becoming noise Included in local development standardsor subdivision rules and regutatlons as
sourcesobJectlonabletousesinadJacent being applicable In the overlay zone.
zones, Some provision for plantings or ground

cover wllhin the buffer can be Incorpo-
3.1.2 Design end Construction rated.

Requirements
Zoning can require specific construction This technique will be most practical In
practices or site design details which areas wherereqslred lot size Is relatively
tend to ameliorate potential noise iacorn- large so that the incorporat Ion of the buf-
patlbllifles. These ineJuds: fer strip as part of one's backyard poses

1)Bufferstrlps, no unusual hardship. For example, In
2) Noise barriers, residential areas where minimum lot size

rThe provisions for plantings in
Ihl_moaelordlnaneeareprlmarlJy
JnlendedtoInsuremat thebuffer
isaesfhollcnl_yaccenlsbleinaddl-
liontoproviding1hedesireddis-
ta_cebelweent_loJlofsesource

12 and1helanduses.



Soction .8crooning an_ Buflors-
Noise Impact Superimposed Districts
Screening and buffers shall be required HIGHWAY
in Noise impact Superimposed Districts

highway as follows: this strip shall be at
least 100 feet in width; it shall contain a
screen of plantings In the center of the
strip. The screen shall be not less then 5
feet in width and 6 feet in height at the

time of occupancy of such lot. Indiv]dual ::::::::::::::::::::::::
shrubs or trees shall be planted not more
than three feet on center, and shall there-
after be malntatnod by the owner or oc- ............ 350'
cupents so as to maintain a dense screen _!i_i_!i_i!i_!_i:ii!!_
year-round. At least 50 percent of the ............
planttnge anal, consist of evergreens. A :;iiii!iiiiiiii:;iiiiiiii
solid wall or fence, not to exceed 6 feet in :.',',',',','",'r""

plantings, may be substituted for such
landscape buffer strip by special permit.
The strip may be portof the yard area.

No residential use, hospital, nursing
home, church, school or daycaro center _ 125' _-
shall be constructed within the buffer
strip. No such use, previously existing at
the time of enactment of this section
shell be extended into or within the
buffer strip. No structure withtn the
buffer strip shell be converted to any
such usa.Ill

3,4 Houses placed hour the front of
long narrowlotsnavedeep rear
yarclB aValIBbt0 to aCI as NOI_
buffers.

13



Conelrucflen of Noise Barriers Construe- 1) Materials--
lion at an earth berm or wall during devel- General Pro',,ietone All peripheral lancing shag be predomln-
opment of a subdivision can be Incorpo- All proposed fencing, other than the antly of slumpslono or masonry block
rated Intothecommunity's zoning bylaw fencing of an Individual residential lot construction or other material as ap-
or _nto the development standards or the from another residential lot, shall be sub- proved by the Director el Environmental
subdivision rules and regulations, Large Ject to review and approva_of location, Affairs.
individual non-residential uses such as height, materials and color as follows-- 2) Color:
an office park oan be protected from The color of any proposed wall must be
noise by berms or barriers If the proper Jnharmony with nearby fencing. Any pro-posed continuation of an existing wall
stipulations are Incorporated Into the re- along an arterial street must provide for
qulremente (or the appropriate develop- an identical match of color and materials,

meat or building permits, 3) Height:
Barriers are not the ideal noise compatl. The minimum and maximum height of a
bglty control in many geographical Ioca- proposed wall shall be subject to the ap.
tlons. There may be disadvantages of proval of the Director of Environmental
aesthetics, quality of life, and safely In- Affairs based upon the height of other

waits _ee,rby, the need for traffic sight
herent In any barrier project whfch must distance, the desirability of preeervfng a
be Individually evaluated, Required con- sense of open specs, and the need for
etructlon of barriers can be limited to privacy.
situations whereother alternatives do not
exist, 4)Wads shall be required for screening of

storage areas, loading areas, parking
The following provisions, taken from the areas, and other areas as designated in
Development Standards of the City of the Municipal Code and other provisions
Cerfltoe, California, could be adapted to of these Development Standards. In addi-

tion, walls shall be required to separate
local conditions elsewhere as permitted major categories at laud use as follows--

under state enabling legislation, a) Residential Subdivision Adjacent to en
Aderiel Street: Residential aubdivl-
stone may be buffered from arterial
streets with a combination of fencing
and landscaping, alternating frontage
roadbuffer strips with solid decorative
block walls end occasional wall breaks
for wrought iron fencing, pedestrian
access, and inset planters.

b) Residential Subdivision Adjacent to a
Freeway: Residential subdivisions
shall be buffered from freeways end
freeway on-and off.ramps with o come
binatlon of fencing and landscaped
berme.II
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_,6 TMoo possible conliO u_sttorts for air stroot Ionglh per lot; _nd the
1 _¢fe minimum Iot_ w I_h 125 fQot small_sl Iol eLI=treel area,
minimum frQrtt_ge s;lowlng _av.
Irtg_ I_ it fDat construct Iorl for
minimum frQnt_gB lalB. Noto that
oxample A, which _tlllzo_ mini-
mum fro_lt_go, r_qulm_l Itlo short- 15



Height Rsslrictlons Height restrlatione to into the Building Code and to use the for reduoflon el lot size and creation of
limit residential buildings to a single Zoning Bylaw merely to define the gee- open space similar to those found in
story or to a maximum height can be dl- graphical area where the requirements clusterz_ning.

racily incorporated into the zoning regu- are applicable. PUg and cluster are forms of "incentive
rations whloh apply to a noise Impacted 3.1.3 Special Development Concepts Certain zoning" In which the developer Is given
area. Heighl restrictions, when used In
¢onJunotIon with natural or man-made noise amelioralion measures on large some special Incentive In return for pro-
barriers, can prevent some of the most scale developmenls are dependent on the riding a development more deskable toamount of flexibility that the developer Ihe munlcipagty. In cluster zoning, the
severe highwaynolsedlrectly hitting bed- has. Cluster development and planned developer gains by having to constructroom windows without banning all resi-
dential uses. Although very simple, this unit development (PUD offer a dsvel- fewer and shorter streets and by often
solution hassomedrawbacks: oper Incentives to set aside major per- being able to create more m_rkatable

A) it will only be effective If the terrain Is lions of a tract for buffer strips and to lots; while the municipality benefits from
suchthat singIestory buildingsareeffec- locate bugdlngs In natural low-noise decreased public costs, such as road
lively out of the line of sight of the noise pockets on the tract. A welt written and maintenance, shorter school bus routes,
source, propertyadmlnistered cluster orPUDpro- and fewer miles of police patrol routes.

B) It may be more expensive for the builder vision In a zoning ordinance can grant The municipality also receives the benefit
titan other techniques such ss acoustical this flexibility and still pfolecl against of having permanent open space created
construction in places where land values unwanled advantage being taken of Ihe at no cost. Under PUB, the developer
erehlgh, clustar/PUDconcept, also gains by being permitted to buildvaluable commercial uses in an other-

C)lt may not be necessary In the entire Cluster residential development ts a zon- wise residential zone, but in return he
noise ]repealedzone, but only for the row ing technique under which the residences may be called upon to provide some com.
of houses nearest the hlgllway, on atsrge development tract are placedln munlty fatigues such as recreallonal

B)lt may havenegative eftects of enforcing small groups, or "clusters", while a factl(t(es or even land (or schools as eL
architectural uniformity and restricting meier portion of the tract remains as partof the devsJopment.
the flexibility needed to make best use of open space. Usually this Is accomplished
thesite. hy allowing a smaller individual lot size Whelher a cluster development or a PBD

One approach to height restrictions than zoning normally allows, but with a is a permitted land use Isdependent on
which overcomes some of tha above provision that tile total number of unlls the state enabling acts, For example,
drawbacks Isle allow exception to the re- constructed will not be increased, communities tn Massnchusetts canadopt zoning which permits cluster ds-
striction If satisfactory evidence of alter- Planned Unit Development is similar to velopment, although they cannot require
native noise compatibility measures Is cluster development, except that the It.Atpresent, however, permittingaPUD
presented, development is not completely restrloted Is of questionable legality under the
$peclflo Constru0tlon Rostrlotlons Spa- to residential uses. Under this technique, Massachusetts zoning enabling act,
cilia rsquirementa for acoustical con- a large tract is developed as a somewhat
structlon methods in the Noise Impacted self contained community with reslden- Aclually requiting that a tract be davet-
Zone san be degneated directly In the tlal uses plus some shops or other com- opad as a cluster t_ras a PUB is presently
zoning bylaws In most states. An alterna- merclal uses primarily iniended for use illegal In many states. The decision must
tire. which may fit more appropriately bytha residents el the tract, Otten, some be left to the developers, but properly
into the administrative structure of many communlly facilities are also Included In
communities Is to put the requirements the Pug, PUDzoning contains prov_s_ons
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structured incentives can motivate them the construction of typically noise-in- or by an architectural review board. The
strongly to choose the cluster or PUD compatible land uses in a noise impacted role of architectural review boards Is dis-
option, area. Thus, such land uses would be per- cussed in a subsequent section of this

mitred only if, in the judgement of the ap- manual.
Cluster and PUD options will only work in proprlate local official or board, they are
areas where zoning density Is low deemed to satisfy certain pro-conditions, 3,2 Other LcgaIConlrols
enough to allow the clustering of reel. Exactly what permit conditions are poe- Zoning Is not the only legal tool available
dences on smaller than usual Individual slble under state enabling leglslalion to local governments to control noise in-
Iota without creating crowding. In areas compatible land use, Subdivision controlvaries considerably from state to state.
of densities higher than two or three laws, building codes, health codes, ec-
ologic family residences per acre, this Environmentallmpact Statements When- cupanoy permits, special permit proce-
typeof development is not practical with- ever the stats laws permit, the local re- dures and environmental impact state-
cut use of multi-family buildings, Where quirement of an environmental Impact meet requirements can all be used to
space allows, cluster and PUD zoning report for anyconstruction In a noiseirn, prevent incompatible land uses from
can provide excellent noise compatibility pact district could be a most useful tool coming intoexietence.
control In addition to often providing for to educate and motivate the developer.
a quality of development unobtainable in And. as state laws change, the Impact 3.2.1Subdivision Control
more conventional subdivisions, report could become the basis of actual Laws

The eoncept of cluster and PUD develop- noise compatibility enforcement. Although in many states subdlvis]on
control laws and zoning are closely re-

meet ]s too complex to be completely Building Code In municipalities where Isled. they are usually separate laws
discussed In this manu,_l, and shouJd the bulldlng code ]s already admlnistered sometimes administered by different
certainly not be adopted merely as a tool bya well established municipal organlza, local authorities, In Massachusetts, for
to obtain noise compatibility. If, how- tion, additional specifications In the example, thebullding Inspeetorofatown
ever, a municipality has, or plans to building eodecan be a convenient and In. is the zoning officer who must enforce
adopt, a cluster or PUD provision, inctu- expensive way to require acoustical con- the town's zoning bylaw. The Planning
slon of noise compatibility Into its regu- structlon practices such as sound Insula. Board, on the other hand. administers
latory structure would be appropriate, lion or sealed windows. An overlay zone subdivision control through the rules and

on the zoning map can often be the most regulations which it has adopted.
3olo4 DeflningtheScopeof practical way of defining the geograph.

Other Local Controls ical area where these additional speeifi- Subdivision control law is administered
Zoning can be used to define convo, cations apply. Building code acoustical on the local level by a planning board or
nlently the geographical areas where requirements are Ireated in detail Jn a planning officer using subdivision rules
local revision procedure or certain local subsequent sectionof this manual, and regulations, development standards
regulations apply, The details of the ap- or similar documents, These rules and
pllcable procedure or regulation need not Acoustical Analycis by no Architectural regulations contain the various require-
appear as Dart of the zoning regulations. Review Board The zoning regulations can ments which must be met by a devel-
Four of these are possible methods to also be worded to require acoustical spar in the creation of a subdivision,
obtain nolse-cornpotlble land use devel- analysis of all proposed development Such things as storm drainage, pavement
opment control: within areas of potential noise Impact, type, curbs, sidewalks, maximum grades

Such areas could be defined by an over- In streets, streel width, underground
Special Permits A zoning or other local lay zone. The actual analysis might be ulldties, and recreational land can all be
law could require special permits prior to done by a member of the municipal staff specified in these requirements,
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The requirements which e planning board construction such as peak levels In bed- abllily to waive any provisions when the
can build Into Its rules and regulations rooms at night, specific conditions so warrant. Thus, the
are very specifically delineated In the 4)lnterpretlveregulatlonswlth precisestan- requlredconstructlonrequlrementscould
state laws onsubdivision control.Wheth- dards left up to the discretion of the be reduced, for example, to involve only
era noise compatibility element can be building Inspector in each specific case, those wails of a building directly facing a
required as part of a subdivision sub- noise source. Or, some provisions could
mlttal or whether requirements can be As with most legal techniques, the be waived entirely if the conditions in-
made for acoustical site planning or choices range from laws which are very voivad In the individual case make them
architectural review Is dependent on Ihe specific but not always appropriate In a unnecessary.
state laws, It may be possible, for ex- given case to laws which are vague but
ample, to require a buffer strip or to re- which can be Interpreted to optimize The particular wording presumes that the
quke acot_st_ealsite planning in the area each individual situation. The key in writ- local building Inspector hassome way of
near a highway, It may also be possible leg a viable noise compatibility section defining areas of the community where a
to specify acoustical limits in decibels for a building code Is to make it strong noise compatibility problem may Occur,
which cannot be exceeded without enough to be enforceable and yet dlscre- Alternative wordings could be chosen to
acoustical construction techniques, tionary enough to be flexible. One way to define the applicable areas by measure-

attempt to satisfy both of these goals Is meet with a sound level meier, by a noise
In addition to direct specification of to define the specific requirements as be- contour map, by an overlay zone on the
acoustical criteria for developments, the ing applicable onlyin areas where the ex. zoning map, or by Including all areas
subdivision control rules end regulations posted or actual exterior noise levels within a specified number of feet (such
can be used as a barga(nlng tool to oh- exceed certain levels, as 500) of certain highways. Also, an el-
tale acoustical considerations from de- tornatlve wording could make some
velopers. In many states, the rules end Building codes have two weaknesses person other than the building Inspector
regulat(one adopted under subdivision when used alone as a noise compatibility responsible for Interpretation of applies-
control law may be waived for sufficient control: blllty of the code provisions,
reason bythe planning board or planning * TIpsy generally do not control the use of
office. Thus, there is an implicit ability to the land surrounding the buildings and
bargainforecouaticalimprovements, thus cannot require barriers, site plan.

3.2,2 Building Cocles nlng, or planted buffers. As a result, theymay not result In the most cost-effective
Local building codes can be a powerful noise reduction strategy, unless they
tool to insure Ibat any of a series of noise contain mechanisms to allow the use of
compatibility measures are taken, Re-
quirements cantake four basic forms: less expensive techniques of site plan-ning and design where appropriate to1)Requirements for specific construction
techniques such as double glozed win- achievadealred noise levels,
dowe, double studded walls, or air con* *They have no applicability to existing
ditlonlng, buildings,

2)Requirements for specific attenuation Specific Cenetrucllon Techniques The
characteristics from construction In hypothetical section Of a building code
terms of a mandatory Sound Transmls- whfch follows attempts to combine
sign Class (STC) level, strength with approprfate appllcab(llty by

3)Specification of certain noise levels after granting the local building inspector the
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Specification of Extorter and Inferior
Soot)on Acoustical Noise Loyola After Construction instead
Construction Requirement8 of requiring in a baJJding code that get-
In all dress determined by the building tain acoustical construction materials be
Inspector to hsve the potential of elgnlfl- used, a performance standard could bs
cant noise impact, the following design set requiring the attainment of speclfla
requirements shall apply-- interior noise levels. An example of ox-

A)AII windows shall be double glazed with terlorand Interior performance standards
a minimum glass thickness of 3116 inch which might be applied are those
and a minimum sealed airspace between adopted bythe U.S, Department of Houe-the panes of 2 Inches, Ing and Urban Development for use by

B)Alt residential and office buildings, hoe- builders of federally funded housing,
pltale,rest homesandday carecenters (SeeFig,3.6)
ehsll have air-conditioning adequate, in
the opinion of the building inspector, to
0ool the rooms to 68 degrees when the Exterior

outside temperature is 95 degrees, discretionary - normally acceptable 65dBA - L33
C)Ali exterior walls shall be constructed {n011obeoxceededmorolhanSoulof24hourl.)

with staggered studs to isolate Interior
from exterior sides of the wall, The re- clearlyacceptable 45dBA- L2
suiting Sap shall contain a continuous (nottobeexcoadedmorethan3Omln,oulof24hre,}
layer of acoustical blanket at least 2t._
Inches thick, Intorior

Provisions of this section rosy be waived clearlyacceptable 45dBA - L33
or otherwise reduced when, Jfl the (nottoboexceodoemorethanaoutof24hrs,)
opinion of the budding inspector, the
walls aa designed will have a Sound 55dBA-L4
trenemission Class of 60 dJR,or when, in (nottobaexceededmorethanI outof24hrl,)
the opinion of the building inspector, the 45dBA - L6 (night)
Intor_ornoise levels after geeupsney will (hal io be exceeded more than 30 rain, out of 8 era,)
not exceed 45 dBA more than six minutes
out of eseh hour, Jf these requirements
are so waived or otherwise reduced, tile
building inspector shsl] require satisfac-
tory proof of schlevement of expected
holes reductions prior to iesuance of an
occupancy perm[t.il

3.8 HUe Noise Level OUtenal 1US Department el Housing and
Urban Deve[opmanlt DePer_nta/
Circular f390,2, Nolse*4baremenf
anti Confro_ eePartrnonfa/ PcIcy,
Im,o/em_nfa_n Response/lilies, anU
elongates (Waahhlgton, O,C.,

19 August 4,1971),



Noise Attenuation Requirements Re- discretion of the building Inspector.2 I
quirsments lor noise reduction can be Whether this is the solution for s given Section
definitive, requlHng, for example, a community can only be determined by a Acoust(colC_nstruotion
sound transmission class of 55 dB. oarefulrevfewoflscaJcondlflons. Chsracterlstloa-Nolse
Definitive regub_tlone are c_esrand easy Impact Superimposed
to enforce, but unfortunately they are not Districts
always appropriate for each individual No residential use, hospital, nursing
case due to the differences In ambient home, church, school, or daycare center
nolseteveJa, shall be constructed within the Noise

Impact Superimposed Oistdct unless
Inlerprolivo Regulations The prime diead- evidence is given that a Sound Transmls-
vantage to any regulation which requires s[on Class of at toast 55 dB writ exist {n
acoustical construction techniques is all exterior waifs which face toward the
that such techniques are not always the highway, are perpendicular to the high-
optimum solution to noise Jncompatlbl6 way or are pJacedat any angle between
ity problems because they ere so expen- facing the highway and perpendicular to
siva. Certainly, site planning, plantings the highway, No sucil use shall be con-

structed unless evidence is given that all
and acoustinal design are much more other exterior wails will have an STC ol
desirable solutions to a noleB ptoblsm, not less than 50 dB,
For this reason, it is Important that the
regulation conlain a mechanism for ex- Within 200 feet of the highway In the
caption if other methods will achieve the Noise Impact Superimposed Dielrlct, nosuch use shall be constructed unless ag
desired low noise levels, rooms of the building are served toy an
Precise noise standards can be left to the air-conditioning system adequate In the
_nterpretatlonofa(oceto(ttclstbyrequ_r- opinion of the Building Inspector (or
Ing, for exampJe, that the Building In* olher appropriate offlolar) to maintain a
specter specify an adequate STC in each constant temperature of 6gdegrees,
particular case, Interpretive regulations The provisions of this section may be
can take advantage of human Judgment waived or otherwise reduced if, In the
to prov(de the optimum soluUonfor each opJnlon of the Building inspector, the
ease, but they are subject to the human particular location and surroundings of

ttte proposed building are unique to the
frailties of poeetbte arbitrary, emotional, area end will provide for peek noise levels
oreven dishonest decisions, interpretive less than 45 A-weLghted decibels (45
decisions may be more likely Io result in dBA) within the living and sleeping areas
court actions than definitive regulations, of thebulld_ng,I
particularly If the Interpretation is
thought to be arbitrary or otherwise In-
consistent with IDeal precedents, in the
following sample section of a building
code1, a compromise between deflnlt(ve
and Interpretive regulations Is aohJevsd
by Insludlng a prevision for waiver at the

1Tile numbetll Uled In 81Jtee 2 Any oilier local olnclal could be
aarnale ¢odol ate only elullmtlw chosen In place of the bundlr_e
_ne not moanl aB tooonlmoneed In|pector it Iocalcondlllon8 ao
levels, Loglll eWluaUon e=needed dJGtale,
IO SOl appropnalo levelB for Ind6
v_dual ¢omrnunnle_,
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3,2.3 Health Codes health code as a noise compatibility Issuance of an occupancy permit In that
Local and county health codas exist controlcan be seen In the case of Orange the counly does evaluate the potential
almost universally throughout the United County, California, The County's zoning, noise levels at the time of submittal.4
States, Many of them could be adapted subdivision, building and health codes such an evaluation Is helpful because it
easily to Include a provision for noise apply Io all of the unincorporated areas gives the developers knowledge of what
compatibility in new construction. In of thecounty, to expect early In the development pro-
some respects, the health code has cess before excessive money has been
distinct advantages over the other legal The County Health Department requires spent on construction, This in turn
and administrative teohnlques listed In thai the United States Department of reduces the chances of successful court
this manual: Housing and Urban Development (HUe) action against the county, should an oc-

requirements for acceptable Interior and cupancy permitactually be refused.
• The health code can standon Itsown as a exterior noise levels, as outlined In Hue

complete legal entity, It does not require Departmental Circular 1390.2, bemet, 3.2.4 Occupancy Permits
the concurrent existence of zoning, sub- Compliance with all of the administrative
division control, or building codes in The submittal of any development plan
ordertofunctlon, requires, under the California Environ- techniques previously discussed

• Health codes are generally backed by mental Quality Act (CEQA), that an En- zoning, subdivision laws, building codes
strong state legislation, and they are fro- vlronmantal impact Report (EIR) be sub- and health codes - can be made manda-
quenfly administered by a strong local mitred, A mandatory element of the SIR tory by conditioning Ihe Issuance of an
organization, is a description of actual and predicted occupancy permit on It, An occupancy

• Since the health code and its adminlstra- noise levelsat the site and a description permit, or certificate of occupancy, Is a
tive structure exist In almost every corn- of methods proposed to mitigate any ex- document issued by some local authority
reunify, there Is often no need to set up cesslvenoiselmpacts, such as the Building Inspector or theBoard of Health, It certifies that a build-
new administrative agencies to handle The County evaluates the submittal so as ing meets certain minimum standards
the noise compat Ibllity control, to confirm the expected noise levels both and is therefore fit to beoccupied.

• Enforcement of a health code'e noise Inside and outside the proposed build-
provisions would be technically simple. Ings. If It Is clear that the HUD standards An occupancy permit, as opposed to a
A single direct measurement on a sound will be met, the plan receives approval building permit, comes after construe-
level meter which Is easily used and with respect to noise compatibility. If lion or modification of a building has
costs only a few hundred dollars is suf- there is some doubt whether the HUD been completed, If the building Is Judged
ficlent to determine if the standard has standards will be met, the approval Is by the appropriate local official or offl-
been met. If it has not been met, an occu- made conditional on an occupancy clals to beadequate for the Intended use,
panoyp ermlt31snotlssued, permit which will not be Issued unless then the occupancy permit Is Issued.

• Mosthealthboardshavesomelafltudeln actual measurements, taken after con- Without such a permit, the building
what they can Include In their code. In- structlon is complete, confirm that the cannot be•coupled.

cluslon in the health code of maximum standards have been met. Development Some of the approvals that might be
noise levels as a condition for issuance plans which appear Incapable of meeting needed prior to issuance of anoccupancy
of an occupancy permit has much less the HUB standards are disapproved un* permit include approval from the plumb-
risk of a court challenge than the Inclu- loss revision Is made. Ing, electrical, and building inspectors of
slon of the same requirements Inthe zen- The Orange County system is slightly the construction and workmanship; ap-
Ing bylaws or the building codes, more complicated than merely requiring proval of Ihe fire department regarding
An example of the simplicity of using the achievement of certain standards before fire safety', and approval by the health de-

eOCCUpanty permits are dllcultsed 4 Orange County uses HUe Te_h,
Islet m this loosen, nical BulleSn TE/NA 171 for Air

noise level evaluation except In
relation IO barrier8 wh{In a 4Jlle5
HUe TechrUcal auaosn TE / NA
172,
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partment aoncerning various provisions Issued within ten days after the lawful
of the sanitary cede. "Section erectfon or alterations of the building is

Certillcate o! Occupancy comptetu. Such certificates of occupancy
If an occupancy permit procedure exists Required. shall be posted by the owner of the prop.wtth(n the focal government, [ncorpora- arty fn a conspicuous place for a period
tlon of noise standards into It is usually It shall be unlawful to occupy any struc- of not less than ten days after issuance,==lure or lot for which a bufldlng permit Is
an easy task. If such e proGedure Is legal req_ked herein without the owner apply-
under state law but doesn't exist In the Ing for and reselvlng from the Building
local government it should be considered Inspector a certificate of occupancy ape-
not merely as a noise compatibility tool, allying thereon the use to which the
but also as a method of easy enforce- structure or lot may De put, Failure of the
sent of other Ioaal building standards, Building tnspestor to act withtn tan days

of his receipt of the notice of completion
The occupancy permit's strengths fie In of the butid_ngand the appgcatIon for an
the feet that It _ebased on simple direct occupancy permit shall be considered
measurement and it Js tile final step in approval.

the land development process. Its prhlcl- The certificate of occupancy shall state
pal weakness comes from the potential that the building and use comply with the
financial hardships which it may impose provisions of the Zoning Bylaw end of the
by denying use of a building after con- Building Code of the Town of_
atde_ble construction expenditures, in effect at the time o1tasuance, No such

certificate shaft be Issued unless the
Although the occupancy permit proce- bugdlng end its use and its accessory
dure can successfully stand by itself as a uses and the uses of air premises are In
noise compatibility control procedure, Its conformity with the provfslona of this
use in conjunction with other control Bylaw and of the Building Code at the
techniques which Identify potential prob- time of issuance. A certificate of oacu-
terns at an settler time Is tess likely to panoy shatl be conditional on the provt-
cause financial hardship for the builder sfon of adequate periling space and other
and pessLbLa lawsuits for the local gay- facilities as required by this Bylaw and

shall lapse If such areas and facilities are
ernment, used for other purposes.

A sample section of a zoning bylaw A cert[flcele of occupancy shell de re-
which requires a certificate of oacupsncy qulred for any of the following in con-
fol_ows. This partlcutar sempte ma_es fortuity with the Building Code and this
Iha Building Inspector the enforoing Bylaw:
at_thorlty. It costal be rewritten to specify 1 Occupancy and use o( e building here-
the Board of Health, the planning office, after erected or strut ural[y alerod,
or some other appropriate muntclpat 2)Change in use of an existing building orthe use of land to a usa of a different
authority, olasalBcatlon,

Certificates of occupancy shaJI be ap-
plied for aolncidentally with the applica-
tion for a bultdlag permit, and shatl be
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3.2.5 Special Permit procedure -- the Inclusion of human as e further tool of the special permit
Procedures Judgement-- is also the major dlssdvan- procedure, Where legal, this minimizes
Where zoning ordinances exist, some tags. While the Judgement of capable, theposslblllty of thelocal permit issuing
land uses are often allowed only under knowledgeable and dedicated people Is authority being misled by false technical
special permit, Some municipalities farbetter than mere application of Inffex- datadurlng thespeclal permit procedure,
which do not have zoning have s special Ibis standards, s poorly administered Obviously, this requires that occupancy
permit procedure as part of their general Judgement process is subject to emo- permits and their Issuance be defined
municipal ordinances. The specific land lionel, arbitrary, or even dishonest elsewhereln thebylaw.

uses are permitted only if, In the judg- decisions. Ale0, the sample section presumes that
merit of the appropriate local official or This does not mean that the speoial some "Board"2 exists or can be created
board, they aredeemed to satisfy certain permit procedure should be discarded as and that the Board has some standards
preconditions. A zoning or ogler local too much of a risk+The potential benefits or "rules and regulatfons" regarding the
law could require special permits prior to Io be gained are too significant, Rather, content of special permit application
the construction in a noise[mpasted area. certain questions must be satisfactorily submittals, If this is not the case, such
Exactly what permit conditions are poe- answered In considering the special per- standards may be incorporated Into the
e_bte under state enabling t_g_slation mIt procedures: zoning bylaw,

varlesoonsiderably from state to state. 1)Does the state legislation enable such If a local community desires a provision
The principal advantage of the special procedures ? for exception to these noise cMterla, at
permit procedure over other more spe- 2) Doesa local mechanism for the granting the Judgement of theBoard, this can be
clfJc types of restrictions is that each of spesIalpenll[tsexlst ? achieved by a slight rsword_ng of the
situation is treated individually, This is 3) If such a mechanism exists, does It have sample section.
often desirable If a sound and rational the time and ability to handle noise cam-
solution Is to be reached since the many patlbillty decisions ?
vatlebJse involved, including terrain, 4)What checks exist to ensure that the
traffic, and noise sensitivity, do not _end local mechanism wgl be canslstent_ non-
themselves to generalized solutions, arbitrary, honest, technically sound, and
What is needed i8 a site by site analysis relevant ?
and application, No Jew, no matter Mow
carefully written, can cover all of the fac- 5) How can the system be insulated from
tore concerning • 9_ven s_tuation In as po_t_ca_ pressures of local sDscl_,l
complete a manner as can a sound ad- Inlerests?
mlnistratlve Judgement. 6) Can It be funded either through fees or a

Another advantage Is that the focal rules generaltax ?
governingaspoclalgormltprocedumcan Properly structured and administered,
be structured to require the appropriate the special permit procedure Is a power-
acoustical analysis as part of the permit ful and Just method of achieving noise
appdcatlon. Thus, the potential devel- compatibility,
oper, rather than the local government
would mr muoh of the expense _n'_otved, Inthe following sample1 of a special per-

mlt seotlon for a zoning bylaw, provision
The very advantage of the special permit is made for use of an occupancy permit

1 Noise =tandsrBs wBhln sleeping 2T/is "Board" can be arty ra uni¢lpal
qusngrs wore laken from U,S. De- ofnclal or agency that Ill appro-
part menl of Housing an¢ Urban priam under local ch'¢umalanca,
Development, Departmental
Secular 1390,2. No/saAtJatement
and Control: Deparlmontal Policy,

Inlp/ementaPon Res/_onsltJIItttas and 23
Standard#, Augu st, 1STf.



Ill 1)Within sleeping quarters noise levels 3.2.6 EnvJronmentallmpact
Soction . shall not exceed: Statement Requirements

Spoclal Permit Procedure A} 55 riB(A) for more than an accumula- There Is a rapid trend toward requiring
forNolsolmpaet tlon of 60 minutes In any 24-hourperiod and that developers identify and analyze all
Superimposed District B) 45 dB(A) for more than 30 minutes Impacts that a proposed development
No residential use, hospital, nursing during night time sleeping hours from will have on the environment, Air and
home, church, school or daycare center 11 p.m, to 7 a,m., and water pollution, noise, Impacts on open
shall be construcled within the Noise C) 45 dB(A) for more than an accumura, space, and impacts on wildlife are a few
impact Superimposed District except by tlon of eight hours In any 24-hour day. of the factors for which analysis may be
special permit of the Board, No such use 2)Within other Interior areas normally oc- required, The results of the analysis,
previously existing at the time of the cupled: noise levels shall not exceed 55 when submitted to permit granting pubga
adoption of this bylaw may be expanded dB(A) for more than six minutes in any authorities, becomes a useful tool to
Into or within the Noise Impact Super. hour,
imposed District except by special permit Identify problems and to decide which
of the Board, No existing structure within The Board may include as a condition of situations must be rectified before a per-
the Noise Impact Superimposed District the special permit, a requirement for mlt Isgranted.
shall be converted to such use except by actual measurement after completion of
special permit of the Board, construction to confirm that the stan- State laws vary considerably [n the re-

dardsset forth in this section have been qulrements for submittal of environ.
Appllcat(ons for such special permits achieved before an occupancy permit mental impact statements and plans Io
shall contain air information required In shall be Issued,_ mitigate adverse impacts, California, for
the rules and regulations of the Board example, requires an extensive environ.
ptusfhefollowlng: mental Impact report (EIR) on most

1)A plan showing the existing and antic- private and public construction projects
Ipafed noise levels In dB(A) that are or large enough to require a building permit,
will be expected on the site and In the Ira- These reports are required to contain a
medlatevlcinityoftheslte, detailed noise element. Several other

2)A description of the site plan construe- states have adopted legislation requiring
tlon techniques, architectural designs, environmental impact statements, or an
and other measures expected to be taken equivalent procedure. However, most of
to reduce ambient noise levels. Such these treat noise in a general fashion, If
description shall include sufficient plans at all. Also, these procedures are not sp-
end other drawings to enable the Board plicabre to all projects on the local [ever.
to accurately (dentlfy the noise reduction For example, a ruling in Massachusetts
meaoureaexpected to be taken, has limited'the local scope of environ.

3} Calculations showing the resulting noise mental Impact proceedings to projects
levels expected within and near the Involving redevelopment and housing
planned structures, authorities,

Prior to Issuance of special permits re- 3.3 MunlclpaIOwnarehlp
qulrad by this section, the Board shall No law, regulation, or financial Incentive
determine that the noise levels will be controlling the use of fend owned by
successfully reduced to the following others can ever be as absolute as actualstandards,1

ownership bythe municipality of the land

1Tnoso =tal_dards ale rnoarlt as

exam pies, AS In olher sam pie
regular lone, Ihoy must be adapted
Io local conditions and pref-
erences,
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or of restricted easements on tile 1and, 1)Acqulsillon Costs The primary acquisl- eminent domain Is legal, The major crI-
This section describes altsrnatNe lypes lion cost to the mun_olpagly is lhe pur- _srien Is the extent Io which there is a
of municipal ownership and methods of chase price of the land. If this purchase public purpose served by the taking, a
acquiring landoreassments, Is financed by municipal bonds, the In- condition which must be satisfied If

rarest on these bonds must also be fn- eminent domain Is to be valid.
While municipal purchases of massive eluded in the purchase price, Additional
amounts of land might create unaccept- The public purposes served by eminent
able financial burdens In direct oedays hidden costs to the municipality Include: doreein takings for noise compatibility• Fees involving transfer of land, Includingand lost tax revenues, the actual clroum, are subject to question In the courts.
stances of municipal ownership are often legal costs, engineering surveys, land However, strong arguments can be made
quite the opposite, There ere several transfer taxesand thellke; Ihat public health Is preserved by preven-
ways that a municipality can acquire • Capital improvements costs, Including
clear tltLetoland at aminimal cost. Ease- necessary repatra to or demoUtlon of lion of human exposure to excessive
meats, an effective form of partial owner- structures on the property, and costs for aoise levels, and that the quality and
ship of the land can also often be ob- providing appropriate security arrange- valUeimprovedOfthSbycommunltYnothaving aSresldencesawhole otis

ments such as fences and lighting; other incompedbls land uses Jr)a noise
rained for less money _han ocJtrlght pup • Maintenance of the property,
chase. Finally, the loss In tax revenue Impactedama,
due to the removal el municipally so- The primary determinant of the land
qulred land from the assessed tax base acquisition cost to the community is The ereinent domalt_ process runs the
may be much less expensive than the the mode of acquisition used by the risk of being subject to local opposition
demand for now municipal tax revenue mun]clpality. Five alternative methods because of the involuntary nature of the
that would have been necessary to fund can be considered: I) Outright put- {and acquls(tIon, Furthermore, the cost
the municipal services that would have chase ;_) Eminent domaln taking 3) of the taking is set by the court and may
been required it the land were developed, Gift 4) Public land acquisition und0r be considerably higher than the som-

subdivi=lon development 5) Transfer munity originally anticipated, Both of
The pages that follow elaborate on some from other governmental agencies. Ihese factors must be evaluated carefully
of the factors Involved in municipal prior to implementation of an eminent
ownership of noise.Impacted land. The Each of these methods, appropriate domain proceeding.
options to the community are to leavethe under certain circumstances, will be dis-
land undeveloped, Io develop it with cussedln the paragraphs that follow. Gills Gifts, particularly restricted gifts,
compatible uses, or to sell it wllh appro- represent a frequently overlooked source
pdate covenants on the deed to Insure Purchase The purchase of property by a of municipal land. There are often signifi-
that onlycompatlble uses are developed, municipality is an effective, but expan- cant tax advantages (both property tax

siva way to achieve noise compatible de- and personal income tax) to tile Indivld-
velopment, Usually the fact that the ual who gives land to the community.

3.3.1 Municipal Land municipality has a plan to purchase land Furthermore, restrledve covenants (such
Acquisition adjacent to highways will drive up the as forever maintaining land as open
There are two festers which a municipal- price of land on Ihe open market, space) can make the donation of such
Ry must consider In deciding the appro- land more aqrsct{va.
pr]atenessof land acquisition as a policy Eminent Domain Taking Eminent do-
to promote noise compatible land use: main proceedings are limited by state Acquisition under Subdivision Develop.

1)The money cost of acquls[t(on (aw. The purpose of the takings, and the meal Another method of acquisition of
2)The social costs and social bensllts as- intended use of the land, are the major land at gtBe or no cost to the community

sociatedwith ownershlpof the land. factors in determining whether the Is that of receiving land as part of the
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subdivision process. This Is moat practi. • Value of sit emotive use of acquired land, are controlled byaovonante or other deed
col In cluster subdivision and planned • Tax IdeS, restrictions imposed by the municipality
unlt development situations because ,, Loss In private prelects net taken, aa a condition of sale by the municipality,
both of these situations usually require ,, Gain fn noise compatibility, and * pre-existing buildings purchased by the
the creation of public open space as the ,, SavingsIn munlcfpal services that would rnuniclpa]lly, soundproofed, and then
condition of reduced lot sizes, A properly otherwise be required, resold to appropriate buyers.
worded zoning law, combined with ap.

preprlate administrative procedures, can Municipalities can use land acquired In 3,3.2 Easements and
insure that a portion of such land be a noise Irnpacted areas fn three ways: pas- Conservation Trusts
Duller between a highway and ad}acent siva municipal uses, active municipal R0strlctive eaaernenla are often obtained
land uses, The municipal uses af land uses, and non-municipal uses. by municipalities to protect scenic views,received In this manner would be re. watersheds, well silos, and conservation
striated primarily to open space, con. Paselvemunlcipaluaea include: land, After having granted a restr[ctiva
caryatidS, and recreational uses, halpfng ,, Linear perks, Including riding trails, hlk- easement, the fend owner can use the
to solve the noisecompatibility problem, ingtrails, and scenic overlooks, land only in ways not prohibited by the
This type of land acquisition Is quite ,, Other recreational uses such as swfrn- lerms of the eaaern0nt. For example, an
dependent on the bargaining ability of ruing facilities and playgrounds, easement can be written to restrict the
the local officials at the time that Ihay are • Conservation and agricultural uses such owner from building on the land covered
considering the plans for approval, aa a watershed protection, or a town byan easement.

Transfer from Olher Governmental Agen- terser, ora wgdtlts aanc'_,ary. Easements for noise compatibility pur-
el=e Soma of the land acquired during Active municipal uses include: poses could restrict buildings In the per-
the devalopmsdt of new highways may '* Normally compatible uses such as a rnu- floss of tile land aearest the highway or
be of gttfe or no use to the highway de. nlclpat storage factory, public works other noise sources. They could prohibit
pertinent, For example, highway ragula, garage, or a fire station, the curt Ing down of trees which presently
lions may porrnlt the purchase of an ,, Other municipal uses which can be form a natural buffer, or the destruction
entire parcel o( I_nd even if only a sm_ll readily seundproe(ed to _dequate levels of an existing hill which presently acts as
portion of It is required for the actual such as rnunlclpalofflce buildings, a barrier, Or, the easement could nlarely
right of way. The transfer of this land to restrict certain types of buildings such as
the rnuniclpality can both relieve the Non-rnuntcipaluseainclude: residences unless specified acoustical
highway department of the responsibility ,, A_rlcultt_rsl or other essentially non- construction techniques are used.
of Its maintenance and also serve the occupied uses conducted by private In-
nlunicipel goals of noise compatibility dlvlduala and restricted by covenanls or An important advantage of municipalotherdeed restrictions, possession of an easement is that it can
control. * Uses by other governmental agencies re- often achieve effective control over land

2)Social Coals and genoilto of Continued stdoted by legal agreement to noise corn. at a much lower cost Ihan actual munici-
Pubg= Lend Ownership Local municipal- patlble uses. pal ownership, Easements can be ob-
Iliea must consider not only the initial " Buildings constructed to approprlele lalned by live of the methods as pre.
coats incurred inacquiring land, but the soundproofing slandard8 by a redevelop, vlously listed for obtaining ownership:
costa and benefits associated with the mast authority or similar agency, and purchase, eminent domain, gifts, sub-
continued public ownership of tl_at _and. sold to appropriate private buyers, dlvla(on conditions, and transfer of other
Flvecornponenteofrnunlolpalownsrahlp ,, Privalely constructed and occupied gavernme_ltal ageac]ea. The difference,
are: buildings whose use and construction however, Is that title to and limited use of
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the land remains with the original owner, community to be held In a conservation general, _and ha_d in conservation trust
thus making the cost of obtaining ease. Irust fore specified length of time. Since should fit Into a municipal of regional
manta much less than the cost of out- the gift Is for o specified period of time, open space plan, and not be randomly
right ownership, the original owner retains residual rights chosen on the sole basis of avagablllty,

to the landas s long-term investment. If a
For the lend owner, lhe glvlng of an ease- tocal consewaton commtaston or stmtlar 3.4 Flnanclallncentlvae
ment can often msull In a significant agency exists, it can, depending on Its In addition to direct Jegal controls on
reduction in his property and income legal status, become the holder of this potential developers, financial Incentives
taxes. A property tax reduction can be land. In the forms of tax reductions and m.
arranged as a condition of the easement duced costs exist. This section examines
to reflect the lessened value of the land WhPe the land remains in the conserve.
because of the existence of the lion trust, no taxes are paid on it by the some of these techniques.
easement. It may be necessary to write land owner. The land owner retains
someguarantee of this lower property tax residual rights for future possible use of 3.4.1 Tax Incentives
assessment into the easement agree- the land, and Is guaranteed the fact that One often overlooked, but very effective
ment in order to convinse the property the land wilt not be developed, This can tool to shape tend use development is the
owner of the benefits of granting the be partlculsr]), advantageous to the land municipal property tax. Tax Incentives
easement to the municipality. Sign_gcsnt owner who Is feeling pressures (due to can be used to discourage development
income tax reductions may also occur Increasing taxes or Increasing landvalue) of IncompaUble land uses, to encourage
because the owner may deduct the entire to sell land which Is valued for scenic or the creation of buffer strips, and to on-
value of the easement as a "charitable otherquagttes, courage the use of acoustical construc-

conlrlbution." TO the community, this represents an in- Uan techniques. All too often however,
The cost of an easement to the munici- expansive way of controlling land to the effect of a municipal tax policy is toencourage rather than discourage such
psllty varies with the terms of the ease- regulate orderly community growth as
ment. First, the price Is a function of the well as potential noise Incompagbil}ty. development.
value el the rights which the owner Is However, safeguards should be built into Municipal tax incentives can take several
giving up, If the easement causes IEttleor a conservation trust program to insure forms:
no change to Ihe Janduse options avail- that the trust benefits the municipality in A) Undeveloped landor agricultural land can
able to the Isngowner, then the cost el general and Is not merely a way In which be assessed as such rather than as s
the easement should be smaU or perhaps one land owner gets protection for his or much more valuable collection of vacant
tree. II, however, the easement greatly her forest preserve at the expense of the but bu]ldable lots. The resulting tax acts
restricts uses which could otherwise taxpayers, as an incentive for the owner to keep the
have been possible, then the easement land in its undeveloped state,
cost will approach that of actual put- The cost of slgnilicanl municipal set- B) Lots In a noise impacted area can be as-
chase. Carotu_0,',tention should be gLven vices whfeh can be saved by preventing sessed at a fiat rate regardless of s(ze
to insure that no unnecessarily restrictive development of the parcel Is a benefit to rather than an a "per square foot" basis,
(and therefore costly) conditions are the municipality only if the parcel would, This encourages larger lots which make
written Into easements, in fact, be developed if the trust did not on-lol buffer strips possible,

exist. The pmvengon of future noise in- C)The extra cost (and value) of acoustisal
Concantstlon Trusts A variation of an compatibility probJems or the gaining of construction such as Insulation, air con-
easement Is s conservation trust. The public access to desirable woodlands ditlonlng, or double glazed windows can
ownerofaparceloflandglvaefandtothe also may benefit the munlcfpallty. In beassessedatllttleornovalue.
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The most effestlve of these tax Incenllves not be legal, Even In states which permit whenever the increased costs of provid-
esthe first; assessment to discourage the spool(Is exemptions {such as Massaohu. ing munlcipa_ services to new dsve_np-
development of /and. Yet, all Ioo often, sells, which allows agricultural land to merits are greater than the additional tax
local assessment policy has Just the op- be assessed as such) there Js question revenues Ihat the new developments will
posits effect in that it encourages and whether the scope of these exemptions generate.
sometimes forces the development of can be expanded (such as to Include
land. wooded areas, open spaces, or under- The chance of obtaining public accop-

developed land). The legal constraints lance can be increased if it can be dem-
A widespread policy among local asses- must be evaluated for each given state, onstrated to the public that a greatly in-
sing bodies is to tax all property at its creased lax rate (due to increased
potentlal"hlghest and best use", thereby A second issue which reflects on the demand for public services) is the alter-
creating the broadest possible tax base. legality of Incentive assessment policies native to a lesserIncrease due to narrow*
The logic behind this type of policy Is is the equity with which the policy is Ing of the tax base, Also, the desirability
that a given amount of municipal revenue applied. If, for example, it Is desired to of maintaining the land in Its present
can thus be raised with the smallest apply such an assessment policy to all state for other than financial reasons can
possible tax per dollar of assessed valua- agricultural land near a major highway, also be usedas an argument.
(ion, fn theory, this will keep everyone's then it wilt probably be necessary to
tax bill to a minimum, if the municipal- apply the same policy to all agricultural 3,4.2 Relaxation of Local
Ity's Interesls are best served by the Jandthroughout the reunicipallty. Wbeth- Regulations
land's not being developed, the object er such universal applicability of low A major financial ]ncenllve to encourage
would bets assess the undeveloped land value assessments is compatible with builders and developers to utilize noise
as few as possible rather than assessing other municipal goals is a question to be compatible construction and develop.
It acoordlng to its "highest and best answeredonalocalbasls, ment techniques Is to relax enforcement
use". Conversely, high taxes on undevel- of certain provisions of some local regu-
sped land may give the owner no ffnan- Perhaps the most frequent problem as- lotions. Often, local regulations orcodes
clal alternative other than selling to a soclaled with an incentive assessment such as development standards, and
developer, policy Is that of obtaining pubhc accep- subdivision regulations allow local gill-

lance o( it, tt (s obvious that any action clals soma discretion In their enforce-
However, suchan assessment policy will which lowered the assessment value of mont. This dlsereUon can become an Im-
net be wlthoat potential problems and property would narrow the tax base of the portent bargaining tool to bring about
these problems should be addressed and municipality and thus raise tbe tax rates various noise compatible development or
o_srcome, Tb_ potential problems (at_ and the tax btPs of those whose proporty construction techniques. Thus, the
inlo three general areas: was not reassessed, (This assumes that builders or developers can financially

A) Legaltty understate laws, the tolal amount of money to be raised benefit from relaxation of local regu[a-
B) Equity of application, and through the properly tax does not de- tigris or codes, if in turn they agree to
C) Public acceptance, crease.) And an increase in tax bills is by provide for appropriate acoustical devel-

Eachof these will be treated In turn, no means a guaranteed method to Inspire opment or construction,
enthusiastic public acceptance,

The fega/ity of Incentive assessment psi- For example, a local regulation might
icles varies from state to state. If state Often, however, these assessment psi- ordinarily require sidewalks on both
law requires "full and fair evaluation" isles will actually prevent much of the sides of all streets within a new sub-
without speclfla exemption of undavel- future Increase in taxes Ihat would other- division. Perhaps this requirement could
sped tend, this assessment policy may wise have bean necessary. This ts true be waived on one s_de of some of the
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shorter streets without any adverse ¢annotbeasdefinheas regal regulstluns a successful influence on the quality of
effect on the qsallty of the subdivision, or as absolute as ownership of the land community growth.
The resulting savings could be enough to but they can, for a very low cost, supp/e-
cornpeneate the developer for the cost of ment these other adminlstrat lyemethods. In the area of noise-corn patlbility control,

the ARB can recommend any of a vast
acoustical site layout or construction of s Four municipal eefvlces will bediscussed number of physical techniques such as
barrlerorberm, LIkawlse, awa]verwhich Inthepa0esthatfollow: site design, arohllectural building de-allows substitution of molded asphalt or
bituminous concrete curb for ordinarily 1)Archltecturalreviewboards, sign, insulation, acoustical windows,
required granite curb can save the devel- 2)Municipal design services, subdivision layout, buffer strips, and
oper several dollars per foot of road. The 3)Builders information libraries, and berms and barriers. Again It should be
developer might find such e saving to be 4)Public Information programs, emphasized that noise cornpstiblgty con-

wen worth the added cost of providing e 3.5,1 Architectural Review trol Is only one of several benefits thatwill accrue because of an srchlteetu£al
subdlvisJon that is acoustically compel. Boards review board. Other benefits such as con-
Ible with neighboring noise sources, One of the many benefits thai a local tinuity of architecture, community plan-
The epeeJfJcno]se Jmpact reduotJon teed. community can derive from an architec- ainu, and quality of design and
nlquos that can be obtained in this rural review board is noise compatible construction can beequally important,
fashion include acoustical site planning, design control.

berm or barrier construction, buffer An architectural review board (ARB) is a 3.5.2 Municipal Design
strips, ecoustlca_ architectural design, local board--eitherofficialorunofflelal-- Services
insulation, and other construction tech= composed of citizens expert fn archRec- For a munlcipagty which has the technl.
nlques, ture and related fields who analyze pro- col ablllly on its staff, an informal design
Certain potential problems should be ad- posed development and construction and review servicecan bethe optimum way to
dressed end overcome If such a policy Is who provide the appropriate municipal Insure that future development and con-
to besttempted,Theeepmblemsfallinto officials with advice based on this struction is compatible with existing
five categories; analysis, Often the ARB ]s composed of nearby noise sources.

A) The relaxation of the local code should members who have volunteered their
not causeasignlflcant negatlveeffect, part-time services to this community An effective design review service can

B)Thepolioymustbelegsh project, consJa! of nothing more Ihan an era.ployee of the municipal engineering,
C) The application of the policy should not Although It Is often not an ofhclal branch planning, or building departments who

baarbitrary, of the municipal government, the ARe spac(fies certain minimum requ(rements
D) Undesired precedents should not be set. can derive significant strength from the for insulation, window construction, wall
E) The person who benefits from the code support which it receives from the sgen- construction, barriers, harms, or buffer

relaxation must be capable of providing alas and officials who receive its advice, strips on a copy of the plans as sub-
thedealrsdacouaticalnenefit. Conversely, an ARB, no matter how mitred by the developer. The employee

skilled its members may be, Is of no real can else be one who would normally
3,5 Municipal Services value if Its advice Is not heeded or if Its review the plans during the permit or sub-

A municipality can provide a variety of decisions em not supported by the local division approval process, and the addl-
services to Insure thai new development officials who have the legal authority to lion of the noise specifications would
is compatible wLth nearby noise sources, enforce such deolslons, This support, or thus addonly a few minutes to the review
Sor_e of these services are surpflaingJy Jack thereof, Is perhaps the key defer, process, The developer would then have
effective. Municipal educational services mlnent of whether or not the ARe will be a clear Indication of the noise compatl-
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blgly measures which lhe municipality otherwise unavailable information which pallty's efforts to achieve noise cembali-
desired, they may be quite wilting to use In their bllity control.

The specifications passed on to the de- planning. The format of a public information ser-
veloper could be requirements, Ihe sub- Even a library consisting of this manual, vice will vary from community to com.
ject of negotiation, or mere suggestions, a map showing the areas of noise Ira- munlty depending on local skills and
depending on the strength of local laws pact,1 one or two of the references listed facilities, A very simple yet effective
and the specific wording of state enabl- in section 5,3 and s handful of advertis- technique would be to Indicate areas of
Ing legislation. Even specifications ing brochures from manufaclurers of In- noise impact on all municipal maps.
whicharemaresuggesHonsstandagood sulation or other acoustical building Since prospective home buyers often
chance of being followed especially If materials would provide an Information obtain such a map, they would thus be
they do not represent a major added cost source significantly greater than that aware of the potentiality of the noise In-
to the developer or builder, or if they can readilyavailable to the average builder. A compatibility, While certainly not all
be expected to improve the market value single shelf In the town hall or the local potential buyers wilt be aware of this in-
of the buildings, library may be all that Is needed, Iormation, thefact that some of them will

may be enough to motivate the builder or
It should be remembered that the devel- While this may seem to be a naively developer.
spars or builders do not necessarily simplesolution toaoomplex problem, it
know the expected noise impact on a should again be remembered that many More sophisticated public information
planned building, the amount of noise designers and the vast majority of all services could use maps displayed
attenuation that is desirable, or the up- bulldersand developers have had little or prominently In the library or at the
tlmum way to achieve that attenuagon, no experience wilh noise compatible municipal olflces. Publicity In the local
As such, the builder is likely to welcome construction and design. The gbrary, press or cooperation from a local publio
the advice of a municipal employee who perhaps set up and maintained by a clt- service organization sucll as the
is reasonably cognizant of noise attenua- Izen volunteer who has some knowledge Chamber of Commerce can be effective
tion measures and expected local noise In this topic, can provide the builder or in some localities,

levels, developer with the appropriate Informa- Like several of the other administrative
3.5.3 Builder's Information lion, Actual use of such a service can be

Library urged by the local departments which techniques listed In this manual, a publicinformation service will not by Itself be
A passive form of municipal design set- Issue permits or which approve subdlvl, the cure to all the community's noise
vice consists of merely maintaining a slon plans, compatiblgty problems, It can, however,
convenient library of acoustical design be a useful force when used In
and construction techniques along with 3.5.4 Public lnformatlon conjunction with other administrative
some background literature on expected Services techniques,
noise levels. This [s an appropriate yen- Public awareness of the severity of noise
ture In many smaller communities where Impactsand the physical techniques that 3.6 Concluelotle
the municipal planning and engineering can lessen these impacts can be an im- The various administrative techniques
offices may be part-time or combined portent factor in determining the market- which may bring about noise compatible
with other municipal functions. It is very ability of a building, especially a home. land use are listed In Figure 3.6. While
Inexpensive, it requires a minimum of This can have a direct financial effect on some communities may consider a single
pemonel attention by municipal officials the builder through both price and quick- technique--such as the health code--
or employees, And, it provides the local noes of sale. Accordingly, public aware- adequate to provide the desired control,
designers, builders, or developers with ness can be a welcome tool In a munlcl- most local governments will find that a

1Available IIom aisle Illohway
department dale,
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combinatioll of several techniques is programs and to utilize an architectural cost of adopting and enforcing municipal
best Is terms of effectiveness, cost, and review board for long range planning, regulations can be significant and must
desirabilltyofresulte. Converaely, the threat of extensive rapld be considered in determining which

development may limit the munJc_pal administrative techniques are to be am-
One such combination might be zoning choice to such things as building and ployad. Other relevantfinancial coesIaer-
to require buffer strips, health code stab- healthcodes which can be quickly Imple- aliens are the future tax base and the
dardsenforcedbyoccupaney permit, and monied and which apply to individual future demand for municipal services.
an architectural review board, Under such construction sites even after subdivision Both of these, which vary depending on
e combination, the noar.absoJule author- layoutshave been planned, how the land is deveroped and used, are
Ity of the health code te complemented Existing Development If there ia no Influenced by the noise compatibilityby two other methods (zoning and the
ARB) that will tend to bring about the existing development In the area, tile /and use contralstrai_gychosem
most desirable physical solutions, Also, choice of physical anal administrative Administrative Structureof LocalGavem-
the required buffer strips and the arch- technlquesls quilawlde, If, however, the meet Any admialetratlve technique can

area Is partially developed, It may be ex- only be effective If there [ea willingness
Iteotural review should e]gnlfleantly ernpt from zoning or subd]vlsion control ands capability within the municipality'sreduce the number of Instances where

and It may be beyond the scope of any governmental structure to actually ad-
enforcement of the healthcode requires scheme such as planned unit develop- minister the technlque,expensive modifications to buildings
after they have been constructed, This ment or acousticar site planning that re- Tile Local POIfsoei -¢=/tustlon If the local
combinatioih would workwell in munlcl- guiles coordinated development of major legislative body will not adopt a desired

areas, regulation, org it will not vole funds forpalitlas where low expected land use
density made buffers practical, where an Physical Techniques Ooalmd Some land pumhase or administrative costs,
effectlveerchlteatural review board could physical techniques such _zsacoustical the desired administrative technique--
be established, whore the healtll code subdivision doslgc are not within the regulation or purchase--is Impossible,
could be made appropriately strong, and scope el some administrative techniques Likewise, strong opposition by local offl-
where existing development in end near such as building codes, If a particular elals can hamper any attempt to effeo-
the noise impacted areawas ellghh physical solution Is desired, an appro- tlvely enforce existing regulationm

prlate admlnistratlve technique must be Appsoab_llly gnder Stale Law Ira tech-
A combination more appropriate Ina rnu- chosen, nique is not legal under state law, it can-
nicipality where high landvalues dictate Degree of Control Desired Some admln- not be considered as a valid noise corn-
relatively dense land gee development istrative techniques such as municipal patlblelanduseeontroL
/night be Industrial zonisg of major tracts ownership are absolute controls, Other
with building code requirements for techniques, such as educational set-
acoustical Insulation in the remainder of vices, incentive zoning, and financial [n-
t._e noIse impacted area, centfves are voluntary, In situations
Several variables must be Individually where e most desired administrative
evaluated on the focal level to determine technique suctl as Jrlcantlve zoning might
an appropriate combination of tech- netalwaysbesufficlentlystrong, daslred
niquas: controlcan be assured by havingan addi-
Timing If major land usedevelopment Is tlonelcontrol such es health codes which
not exbecteb for corns lime, the munici- couldbe used where necessary,
paltry has the luxury of being able to set Financial Considerations The cost of
up Incentive zoning (cluster and PUD) municipal acquisition of land, and the
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Admlnlltratlvo Tochnlque PhylllcalRelull Situations While Most Appllc_bll

ZoningtoExcludoTypicallyrncompa_lbleLand Pravonllonof _rloompallbluLundtJ=o Where0omal_dfar TypicallyCompatlbrnLand U=em
Usas IBSlgnll_car_t

Zoningto Roqul_ BufforStrips Burrer$1r_ps WhoreLRndValue_andlo_ LOlSlzosParmlt

ZonlrlgIo Ftoqulfol]erm_,and Barriers Palh Disruption Where (]thorPhyalcalTOchnlqeaare Not Ptlzc_lca_

Zoning Io Llnllt BuildingHolghl PalhDl_upllon When T_rr_tnMakostills Teohn_quoEIt_ollve

Zoning to R_quI_ A¢ou_tJcalBuildingTochnlquo= InsulallOn.Isolal_on_Absorpllon WhereOtharMI)a=ures_ro Inadequnle

Zoning IoAllow Clu=toror PJan,n_Unit BIJtr_rStrlpa1811oCnslgn. Palh Dlsrupllon Wtlere L_rgeUndowlopodArenaExlsl
DuyeJopmonl

SubdivisionConlrolLaw Buffors.Borrne.Barrlers_Site Design. Path WhereL0rgo DevnlopmenlsRatherThlmrndl'_ldual
Disruption Bul_dtng_aroAntlctpate_

Butld_ngCodes In_ulallon. Isolallon_Aboo_pllon WhoruIrldlvldualLOISAre B_l_gDeveloped

_l;_t P_¢_ Re_lem_t_ _Q_t Teq_('.l_ue_ An'(wheroThat_tloPerrnll G(_tlng System Exists
organ B_Sla_lo(/

EnvlronmenlalImpactStatemonta Mos_Techniques A,ywhera LegalUndurState Law

M unlclpalPgrcha_eQfIhe Land Butler Stdps.P_ovenllonol Incomp_tlbfeLand Use WhomDeveropm0ntProssuro_M_koLessAb_o_ulo
M0_taur_sI_ladoqu_le

Olhor Municipal Aoqu_lllon of Land Butfar Strlps_Pmvanllonof _ncompatlb_oLand Uae Wl_orePossfble

P_r_l_tQwn_r_._--E_et_an_s _._n_r_a_[ot_ S_uller_tdps. P_e_llo_ al tr._Qmp_tlble(_a_ U_e WharaPos=lble_1LOWCost

ProperlyTax rncanllv_ Preventionof fncompal]bloLandUse WiloreTax P_es_utttsExist onOwnersof Undevel-
opudL_n_l

Relaxallon ol Munlclpa_Code8ao _Financial Mo_t Tnchnlquos OnlyWho_ CodeEnforoementcan be Relax_
]noenllvo Wlthou_Nogatlve_do Effec(e

Architectural RevlowBoardD Mo=t Techniques W_lemAppropd_leAblllly ExlsteonIhe Munl_lpu_
_lalt

Municipal CosignServlcea Mosl Techniques Anywhere

3.? Admlnfstratlvo Nollo Gompatlbll-
ily Land USOControlTnchnlquos
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EllocSvonus_ CosttoiheM unlclpalLly EnforcsmonlMechanism Comments

HlOh _nlslgn_l_c_nt_tZoning Exist5 Nolo1 May Ma:_oLandWorthless

High Note 1 E_sy la Imglement InLow Denslly Areas

Varieswith Terrain Nol0=! _2, &3 Ofleenot Aoslh011callyOBQl_bla

Varleswith Ter_ln Note1 Eliactlvo InLimited SlluaSons

Highfor Intarlols, Low for Notes1_2. &3 CanCause unnecessaryGuild,rigGoals
Exleriora

High AddllJanalReview Procedure ApprovalProcedure SignificantPotential Benaflls_but Can be M_susod

HiOtl Inalgnlilcanlit SuhdlvlalonControl Mochanlam NotesI &2 Nol AlwaysAhplJcabls

AlreadyExists

Highfor Jnterio_s,Low for Inslonlilcantif BuildingCode EntorcamantAlready Nclas ! & 2 LImllodIo Few P_lyslcalTechniques
Exlariors ExlaIB

High InsignificantAdcllllonIo present Health Caparl. Varies HighlyEffecllva
manlCost_

High LimitedCost It S peolalPermitMechanism Already Nolo 1 SHe $pac_f_¢Analysis tor EachCase
Exist=

V_OB Variesw_thErlforcoma_l Mechanism8 Varies Comprehensive

High H_Oh Posse=sloe Can haUndesirablePolicyfor Municipality

High O_lonlnslonlflcant Possasslort Eftoallve

HlOh Of_e_lInslgnlficanl Possession EttacllvoaridOItanInaxhonsJvo

V_rlo_w_thRospon_ Varlo_ incsnllvo EasyIo Implemonl. Inexpensive

Varlo_ In_lgnlilcant Incanl_ve Inexpensive

Low_Dependent on OIIon Ir_slgnlfIc_lt; D_pondsonAdmlnlstratIon Varies Site SpecificAnalyals for EachC_SB
Enfo_omortt M_oh_nlsm

Low Inslonlflcsnt IntOlmatlcn;Puhllo Pros- Vary Expensive
_uro

Note1; Denial el Bulldir_go_
Special Permlls

Nolo 2: OccupancyPermits
Note 3: Performance Bond
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reduce noise transmission through watts,
4 Physical Techniques windows, doors, ceilings, and floors.

to ReduceNoise This area includes many of the new and

Impacts traditional "soundproofing" concepts,
Noise barriers can be emoted between
noise sources and nolse.sensR[va areas.
Barrier types Include berms made of
sloping mounds of earth, walls and
fencesconstructed of a variety el mate-
rials, thick plantings of trses and shrubs.
and combinations of these materials,

These physical techniques vary widely In
their noise reduction characterlallos,

This section describes some of the phys- their costs, and especially. In their appll-
Ical methods which architects, develop- cabillty to specific locations and con-
ers and builders can employ to reduce dltlons, This section Is not designed to
noise impacts, There are four major provide complete criteria for selecting a
actions which can be taken to Improve solution to particular noiseproblems and
noise compatibility for any type of land Is not inlended as a substitute for
use or activity, These are site planning, acoustica[ design. Rather, its purpose is
architectural design, construction math- Io illustrate the wide range of possible
ods, and barrier construction, alternatives which could be sonsldersd In

Acoustical site design uses the arrange- the arcbitectur_t _nd engineering ptan-
ment of buildings on a tract of land to nlng process. Knowledgeable municipal
minimize noise Impacts by capitalizing officials can provfde valuable assistance

to designers, developers, and buifdarson the sile's natural shape and contours,
Open space, non.residential land uses, who may not be familiar with sound at-
and barrier buildings can be arranged to tenuation techniques thai are most ap*
shield residential areas or other noise pllcabtatocalty.
sensitive activities from noise, and resi-
dences can be oriented away from noise, 4.1 AcoustlcaISIfo PlanningThe arrangement of Du_ldlngs on a sits
Acoustfcal architectural design insorpo- can be used to minimize noise Impaots, If
rates noise reducing concepts in the incompatible land uses already exist, or
details of indlviduatbuttdtngs, The areas It a noise sensitive activity is planned,
of architectural concern Include building acoustical sits planning often provides a
height, room arrangement, window successful teshnlque for noise impact
placement, and baloony and courtyard reduction.

design, Many site planning techniques can be
Ac_stLcal construction Involves the use emptoyed to shield a cssidontis( davstog-
of building materials and techniques to merit from noise. These can Include:
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1)increasing the distance between the
noise source and the receiver;

2) placing non-rnsldentlal land uses suchas
parking lots, maintenance facilities, and
utlliW areas batv_een tire source and the
receiver;

3) locating barrier-type buildings parallel to
the noise source or the highway; and

4) orienting the rssldencsc away from the
noise.

The Implementation of manyof the above
site planning techniques can be com-

bined through the use of cluster and __[_

planned unit development techniques.

glctanoo Noise can be effectively re-
duced by Increasing the distance be.
tween a residential building and a high*
way, Distance Itself reduces sound:
doubling the distance from a noise
source can reduce Its intensity by as
much as 6 dBA, In the case of hlghrlse
buildings, distance may be the only
means, besides acoustical design and
construction, of reducing noise impacts,
This is because It 18nearlyimpossible to
provide physical shielding for the higher
stories from adjacent noise, (See Figure
4,1.)

No1¢¢ Compatible Land Uacs as Buflare
Noise protection can be achieved by
locating nolse-¢ompstlble land uses
between the highway and residential
units, Whenever possible, compatible
uses should be nearest the noise source.
Figure 4,2 which follows shows a pro-
posed parking garage along two sides of
a development In Boston. Both the Fitz-
gerald Expressway and the entrance to
the Callahan Tunnel which am shown on
the site plan are major and noisy traffic
routes. In addglon to protecting the real-

4,1Noise barriers can shlald only the
Iowesl floors of a building.
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dential development from the noise and or actlvitiec on a site affects the Impact Cluster end Planned Unit Dsvolopmonl
dirt of highway traffic, the parking garage of noise, end the building or activity area A cluster subdivision Is one in which the
provides needed facilities for the roe- may be oriented in such a way as to densities prescribed by the zoning ordi-
idects, reduce this impact, nonce are adhered to but instead of ap-

plyingto each Individual parcel, they are
Figure 4.3 provides another example of Noise impacts can be severe for rooms aggregated over the entire site, and the
_ocating noise-compatible uses near B facing theroadway since they are closest land Is developed as a single entity. A
highway (West Street) in Springfield, to the noise source. The noise impact planned unit development, of P.U.D., Is
Massachusetts, From the plan, one can may also be great for rooms perpendlcu-
see thai parking spaces, ends of lar Io the roadway because a) the noise slmgar but changes In land use are In-cluded, such as apartments and com-
buildings, and a baseball diamond are pattern can be more annoying In per- merelal facilities In what would otherwise
nearthehlghway, pendicular rooms and b) windows on be a single-family district, Examples of

perpendicular walls do not reduce noise grid, cluster and P,U.D, subdivisionsBugdlngJ as Noise Shields Addllional as effectively as those on parallel walls
no_seprotection can be achieved by at- because of the angle of the sound. Road follow In Figures 4.4,4,5. and 4.6.
ranging the site plan to use buildingsas noise can be more annoying in psrpen- From Figure 4,4 It can be seen how the
noise barriers. A long building, or a row dicuJar rooms because it is more extreme conventional grid subdivision affords no
of buildings parallel to a highway can when It suddenly comes In and out of noise protection from the adjacent high.
shieldother more distant structures or earshot as the traffic passes around the way. The first row of houses bears the
open areas from noise. One study shews s_de of the building, rather than rising lull Impact of the noise, In contrast, the
that a two-story building can reduce and falling In a continuous sound, as It cluster and P,U,D. techniques enable
noise levels on the side of the building would If the room were parallel to pass- commercial uses and open space respec-
away from the noise source by about Ing vehicles, lively to serveas noise buffers, Examples

13 dBA.1 Whelher Ihe noise Impact Is greater on of this are shown In Figures 4,6 and 4,7,
II the use of the barrier building Is sensl- the perpendicular or the parallel walt will A word o( caut{on is neces_ry: In a
rive to highway noise, the building can be depend on Ihe specific individual oondl, cluster development, the required open
sour_dproofsd, This technique was used lions. Once lhe most severely Impacted space can be located near the highway to
in a housing project under construction wall or walls are determined, noise Ira- minimize noise to the residences. How-
In England where e 3,900 foot long, 18 pacts may be minimized by reducing or ever. many recreation uses are noise
foot wide and 45-70 foot high wall (de- eliminating windows from these walls, sensitive, and when one takes advantageof the flexibility of cluster development
pending on the terrain) selves as both Buildings can also be oriented on a site to minimize noise, care must be taken
residence and a sound shield.2 _n st_ch a way as to exploit the site's not to use all of the available open space
The walflbuildlrlg win contain 387 apart- natural features. With reference to noise, In buffer strips, Ihus depriving the dsvel-
meats In which the kitchens and bath- natural topography can be exploited and opment of a significant open space area.
rooms are placed towards the noise, and buildings pieced in low noise pockets If Where high noise levels exist, a combine-
the bedrooms and living rooms face away they exist, If no natural noise pockets tlon of buffer strips and other techniques
frol'a the htghway, The wail (ao_ng the exist, it is possible to create them by ex- (such as berms ecd acoustical sound
highway wNI be soundproofed and win- cavating pockets for buildings and pglng proofing) can be employed.
daws, when they exist, are sealed. Sub- up earth mounds between them and the
stantlaI noise reductions are expected, noise. Such a slructure would obstruct The flexibility of the cluster and planned

thesound pathsendreducethe noise ira- unit development techniques allows
Orientation The orientation of buildings pactson the residences, many of the above site planning tsch-

1 Haas Bornizrd Relc_ow_ "Town 2"Llveoln Wall, 3,900 Peal Lot=st U_
pla_lnlng _nd Noise Abalemen h" AlloaSoundlShleld,"EnoIneor/ng
atcSltecI'._Journa/, 157.7 (FOP- Record1, (September S, 197S).
rusty 13, 1g63) pp. 357-360.
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nlques to be realized and effective noise
reduction achieved,

4,2 AcOueUccl Architectural
Deal[In
Noiae can be controlled fn a building with ItlIIIIIII_LII_I_H_
proper architectural design. By giving

attention to acoustical considerations In mTmTrr1'rTmTlTTrm
the planning of roomarrangement, place-
ment of windows, building height, bei-
conies, and eourtyerds, the architect may 133TI13Tn_

achieve significant noise Impact redue- IllllllIHilllllllli_
tick's,without the need for coeity acousti-
cal construction,

Room Arrangement Noise impacts can
ba substantially reduced by separating ,=,..
more noise sensitive rooms from lees ........
noise sensitive rooms; and placing the
former in the part of the building which is
furthest away from the noise source. The
Jess sensitive rooms should then be 4.4ConvannonatGridSubdivision
placed closest to the noise source where
they ash act as noise buffers for the more
sensitive rooms.

Whatheror not a room Is noise sensitive
depends on Its use. Bedrooms. living-
rooms, and diningrooms ere usually
noise sensitive, while kitchens, bath- .... . • ..:
rooms, and playrooms are less so. Figure .t . • . *_ _'
4.8 shows a layoul designed to reduce , :. , . . .
the Impact of highway noise, This tech- (¢_ ._"k "*__ . ._ .
nlque was used extensively in England in _... _ ,1_-;._ _,_./_ I
a 100 acre rosidantlal development adJo- _' ' '

cent to a planned expressway,1 Kitchens _: ." • "

and bathrooms were placed on the ex-
pressway side of the building, and bed-
rooms and living rooms were placed on
the shielded side, In addition, the wall
facing the expressway Is sound Insulated.

Solid Wall= Noise can be reduced by _.--_ --
eliminating windows and other openings

1"Live.In Wall I0 Also Sound 4,e C_uSlor eubdlvlllon
Shlelq", Engineering News.Record+
September 6, 1973,
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4,T In cruator developfn nrlt, open
apace can be placed near I he high-
way to reduce nol_lo impacts on
resl_snco_
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from the waifs of a building cJose to mey also provide for noise reduction in noise. Different wall materiels and de-
noise sources, The solid wall can then an areaoutside of the building, The court signs vary greatly in their sound Insulat-
have the effect of a sound barrier for the gardenand patio houses can provide out- ing properties. Figure 4.12 provides a
rest of the bulJding, AS previously dis- door acoustical privacy. (See Figure visual summary of some ways in which
cussed in FIgure4,t, wells directly adJa- 4.fl), Schools, rest homes, hotels, and the acoustical properties can be Ira-
cent, and those perpendicular to the multi*fatally apartment dweilings can proved:
noise source con be the most severely also have exterior spaces with reduced • Increase the mass and stiffness of the
Impacted, When a solid wall is )mpract]- noiseby means of court yards, wall,
cal, Illegal, or hfghJy undesirable; the In generel, the denser the well material,
same effect can be achieved by reducing 4.3 Acoustical Construction the more It will reduce noise. Thus, con-
window size end sealing windows err- Noise can be intercepted as it passes crete walls are better insulators then
tight. This technlqueis used }n the hous- through the walls, floors, windows, cell- wood wells of equal thickness. Increas-
ing projectdescribed above.1 logs. and doors of a bulfdfng. Examples Ing the thickness of a wall Is another way

of noise reducfng matertals and con- to Increase mass and Improve sound in-
One Sto_ Houses in oases where e_ther structlon technfques are described in the eulatlon. Doubling the thickness of a
the house or the highway is slightly re. pages that follow, partition can result inas much as e 6 dBCeased or abarrterhas been pieced in the
sound path, the noise Impact may be fur- To compare the insulation performence reduction In sound,3 However, the costs
thor reduced If Ihe house has only one of allernative constructions, the sound of construction tend to limit the fees_bff-
story2 (SeeFigure 4.9). If the sfngle story transmission class (STC) is used as a gy of large Increases In wall mess.
design Is inefficient, the split level de- measure of a materlaYs ability to reduce The relative etfffness of the wall material
sign may be effective. In any case the sound, Sound Transmission Class is can influence its sound attenuation
path of Ihe sound waves should be as- equal to the number of decfbe[s a sound value. Care must De taken to ovoid well
seased before the building design is Is reduced as It passes through a mate- constructions that can vibrate at eudlblo
drewm rlal, Thus, a high STC rallng Indicates a frequencies and transmit exterior sounds,

good Insulating material. It takes into s Usecavltypartltlons.
Oelaonloe If balconies are desired they account the influence of different fro- A cavity wall is composed of two or more
should be given acoustical coneldern- quencles on sound transmission, but layers separated by an airspace, The err-
lion. Thestandard Jutting balcony, facing essentially it is the difference between space makes e more effective sound In-
the road, may reflect traffic noise directly the sound levels on the side of the partl- sulator than a single welJ of equal
into the Interior of the building in the lion where the noise originates end the weight, leading to cost savings,
manner Illustrated in Figure 4.10, in slde where it Isrecelved, Forexampfe, if • Increasethewldlhofthealrspace.
addition to reflecting noise Into the build- the external noise level Is 85 dB end the A th re(] inch airspace provfdes significant
log, the balcony mey be rendered un- desired Internal Jove]Is 45 de, a partition noise reduction, but Increasing the spac-
usable due to the high norse levels. This of 40 STC is required. The Sound Trans- Ing to six Inches can redtJoe rtolse levels
problem Is particularly applicable to high m[esfon Class rating Is the official rating by an add(tlonet 5 dBA, Extremely wide
rise apartment buildings where balconies endorsed by the American Society of air spaces are dffflcult to design,
arecommon, If belconies are desired, the Testing and Measurement. it can be used I Increase the speclng between studs.
architect may ovoid unpleasant noise Ira- as a guide in determining what type of
pacts by placing them on the shielded construction is tleeded to reduce noise. In a single stud wall, 24 Inch stud spac-ing gives a 2-5 dB increase In STC over
side of the buildings. A) Well8 Wells provide bulJding occupsnts the common 16 inch spacing. 4
CourtyardB Proper architectural design with the most protection from exlsrior • Use staggered studs,

I *'Live.In Wall,, ," SR.K, Cook and P. Chrzanowskl_ 4Leslie T. Ooe_l£1,Env#onrnenla/
"TiansmlsSlon el N oil=oThrough Acoust=cs_ (Now Yorl<, McGraw.

gThll Iochnlque h=used extensively Walls and Floors," Cyril Hams, Hal Boo_ Company, 1972), pp,
Jn terrace, California. cal., Hanci_ook o/Noise Conltol. 232-233,

McGraw.Hill Book Company. Inc.
(Now York, 1S57),
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4,0 USe Of ecouall¢_l architect ursl
design to reduce holes Im pacts on
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4.0 Nolae Impact_ can 12oreduced by
use of single story houlel, 4.10 The standard _uttlnQ b_fcony fac-

ing the road may reflect traf.
flc noiae directly Inlo the
Jnterior of Ihe building,
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Bound Iransm[ssion can be reduced by through Its acoustically weakest points, (al it precludes the cost of expensive
attaching each stud to only one panel and windows are one of the weakest acoustical windows, and (b) fl saves
and altsrnaling between Ihe two panels, parts of a wall. An open or weak window money by cutting down the use of glass.

• Use resilient ma'_etlals to hold the studs w))t severely negate the effect of a very The problems with this tashnlque are
and panelstogether, strong waif. Whenever windows are (a) it Is not every effective in reducing
Nails severely reduce thewall's ablJity to going to be a part of the building design, noise; e.g,, reducing the proportion of
reduce noise, Resilient Jayers such as they should be given acoustical consider- window to wall size from 50% to 20% re-
fiber board and glass fiber board, resil- atlon. Figure 4.14 illustrates the effects duces noise by only 3 decibels; and (b)
lent clips, and semi-resilient att&sh- el w_ndowson the sound transmission of many buildh_g codes require a mlnSmt_m
meets are relatively inexpensive, simple walls. For example, if a waif with an STC window to wall size ratio.
Io Insert, and can raise the STC rating rating of 45 contains a window with an • Increase glass thickness if ordinary
from 2-5dB.1 $TC rating of 26 covering only 20% of Its windows ere Insuffiolent in reducing

• Usedlsslmilarleaves. area, the overall GTC of the composite noise Impacts in spile of sealing lech.
(f the leaves are made of different mate- gaff(tree wll_ be 33, a reduction o( 12 dB. ntques, then thicker glass can be In-
rials and/or thicknesses, the sound re- stalled, tn addition, this glass can be
duction quaJJtles of the wall are Ira- The following is a discussion of tech- Jaminated with a Icugh transparent
proved,2 n(ques that can be used to reduce no(so plastic which is both noise and shatter

• Addacoustlcal blankets. In a building by means of its windows, resistant. Glass reduces noise by the
Also known as isolation blankets, these These techniques range from a blocking mass principle; that Is, the thicker the
can increase sound attenuation when of the principal paths of noise entry to glass, the more noise resistant it will be.
placed in thealrspace. Made from sound a blocking of the most indirect paths. A _h-inch Ihlck glass has a maximum
absorbing materials such as mineral or • Closewlndawe Thefirst step[n reducing Sa"Gralingot 35dB compared tea25 dB
rock wool, fiberglass, hair felt or wood unwanted sound is to cJose and seal the rating for ordinary 3/16 inch grass.
fibers, these can attenuate noise as windows, The greatest amount of sound However, glass thicknesses are only
much as 10 dB,3 They are mainly effective insuratloncan be achfevedIf windows are practical up to a certain point, when GTC
in relatlvelyllghtwelght co_lstruction, permanently seated. However, openabla increases become too inslgnlflcat]t to

• Seat cracks andedges, acoustical windows have been developed Justify the cost. For example, a Vz inch
if the sound Insulation of a high perfor- which ate fairly effective in reducing thick glass can have an STC of 35; In.
mancewall is ever to be realized, the wall sound.6 Whether or not the sealing is creasing the thickness to ¥4 Inch only
must be well sealed at Ihe perimelgr, permanent, keeping windows closed raises the $TC to 37. However, a double
Small holes and cracks can be devastat- necessitates the installation of an air- glass acoustical window consisting of
leg t_ thB IrtsuSatIon of a ws_l. A onB-Ineh conditioning system. The air condition _- two 3/16 Inch thick panesseparated by an
square hole or a 1/16 Inch crack 16 leg system may In addition provide some airspace will have an STC of 51 and can
inches long will reduce a 80 STC wall Io masking of noise. (Masking is discussed cost less than either solid window.
40.4 below). If windows must be openable,
Figure 4,13 shows a sample of wall special seals are available which allow In addition tothlcknass_ properseallng is
types rang|n0 from the lowest to _he windows to be opened.7 crucial to the success of the window. To
highest sound insulation values. The • Reduce window size The smaller the prevent sound leaks, single windows can
cost of thes0 walls in dollars per square windows, the greater the transmission be mounted In resiJ[ent material such as
foot is given for comparison of cost Joss of the total partition of whloh the rubber, cork, orfelt.
effectiveness.5 window fs a part. Reducing the window a install Double-Glazed Windows Double-

S)Windows Sound enters a building size is a technique that is used because g_azed windows are paired penes sepa-

l tbld, p. _Ta. P_lt_t manta tchlcaao, leTal, 6U.S. OepaiImonl of Housing and

21bid, p, 16Z p. 6a. U_ban Oevelapmsnl, A Study atTocnnJquestoIncreaseIheSeund
5CoststakenfromNationalCon. Insutat_enelectll_dneElements.

3Doeno,p,2S. struct_onE$1imatet,mzo.r, lglh RaporlNo.WR73-5,Washington.
Edition.CtallsrnanBook D.C,, Junelets.

4UilliedStatesGypsum,Soun¢/ Company(LosAngel_s,1970).ConffOICot_ItuoUot_PttncJnle_a_d
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' _ __ STC = 53
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STC = 54

7 LOS Angele= Copaltment of Air- 4,13 Wall Ty_os wllh STC Rating and
port _) GUMO to rl;o .._o_t_lool_l ot A pproxlmato Cost.
Exisling Homf_s Ag,_lnsf Exlorlo_
Na_o, Report NO, WCR 70-2,
March 1970) pp. 9-11,2g-3g. In
thl_ report) the luncUor) and pur-
fotm_nc_ o_ a number o[ op_r_bl_
seal_are¢/escrlged. 49



rated by an airspace or hung In s special To further insure isolation of noise be. noise resistent material, Suspended cell-
frame, Generally, Ihe performance of the twsen double-glazed panes, the panes Ings are the most effective noise re-
double-glazed window may be increased could be of different thicknesses, dlf. ducers but they are also the most ex-
with: ferent weights, and egghfly non-parallel pensive.

{a)lncreased_,lrepacew_dth to eeoh other. This prevents acoustical E)Floors Jn the case of highway noise,
(b) Increased glass thickness coupling and resonance of sound waves.
(c)properuseofseal]ngs floors would only require acoustical
(d)etlghtly dissimilar thicknesses of the C) Doors Acoustically, doors are even treatment if the highway were passing

panes weaker than windows, and more difficult under the building, in this ease, flooring
(e) slightly non-parallel panes to treat. Any door will reduce the Insula- wourd have Io provide protection against

lion value of the surrounding walt, The structural vibrations as well as airborne
In general the airspace belween Ihe common, hoflow core door has an STC sound.

panes should not be tess than 2-4 inches rating of 17 de, Taking up about 20% of Two ways to Insulate a fleer from noise
tf an STC above 40 Is desired, if this is the well, this door wilt reduce a 48 STC are to Install a solid concrete slab at least
not possible, a heavy single-glazed win- wall to 24 STC, TO strengthen a door 6 inches thick or install a floating floor,
,'Cowcan ba used. The use of slightly non- against noise, the hollow core door can In general, the floating floor gives the
parallel panes Is a technique employed be replaced by e heavier solid core door greatest amount of sound and vibration
when extremely high sound insulation is that Is well sealed2and is relatively inex. Insulation; however, it Is extremely ex-
required, such as in control rooms of pensive• A solid core door with vinyl seal penal're, S_slcat_y, a f_oatlng floor con-
television studios, around the edges and carpeting on the elsts of a wood or concrete slab placed
The thickness of double-glazed panes floor w_[I reduce the same 4B STC w_ll to overthe structural slab, but separated by
may vary from 118 to 1/4 inch or more per only 33 dB,3 An increased sound insula- a resilient material. The resilient materiel
pane, Although thickness Is important, lion value can be achieved it gasketed isolates the surface slab from the etrue-
the factors wh(eh most determine the stops or drop bar Iflreshold closers are rural e[aband the surrounding war(s,
noise resistance of the window is the use installed at the bottom edge of the door.
of sealant and the width of the airspace, (See Figure 4,151 F)lnterior Design Overall intedor noiselevels cart be reduced by the extensive
As _n the case of all windows, proper The alternative solution Io doors is to use ot thick, heavy carpeting, drebes,
sealing is extremely Important. To ellmlnale them whenever possible from wall hangings, and acoustical caging
achieve an STC above 43, double.grazed the severely impacted waUs and place tiles, These materials absorb sound.
windows should be seated permanently, them in more shielded walls, They cannot prevent noise from coming

If the windows must be openable, there D)Oolllnge Acoustical treatment ofceilings through the walls, but they can reduce
are available special frames and sealers is not usuahy necessary unless the noise overall sound levels by reducing sound
for opensble windows which allow a Isextremelyseveraorthsnolsesourcels reverberations,mexlmum STG of 43.1 passing over the building, The ordinary G)Mesklng Another way of coping with
Permanently sealed double-glazed win- plaster ceiling should provide adequate noise fs to drown it out with background
dows often require an air pressure con- sound Insulation except In extremely noise. This technique Is known as mask-
trot system to maintain e constant air severe cases. An acoustically weak _ng. tt can be very effective Ln reducing
pressure and minimal moisture InIhealr- ceiling which is likely to require treat- noise fluctuations which are often the
space. Without this system, the panes meet is the beamed ceiling, 4 Beamed most annoying aspects of notes. IVtaek-
may deflect, end, in extremely severe ceilings may be modified by the addition leg can be produced by air conditioning
c_,aes_pop out of the frames, of s layer of fiberglass or some other andheating systems, soft music, or else-

t IS/d, a U,S, Gyp_lum_ Sound Conllot,. ,,

aD,E. Bishop _nd P•W, H_rlle, p• 100.
_Not _= on the SourlU Ttaneml]=- 4 a_., n. 15,
slpf_ i.OlZ=of ReBIdontl_l-Typo
WindoWs end OoQ_," JOurnalof
_f Acoustlca/ Soc/ety of Amedca,

43;4 (I 088). 5g
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tronlcdevlces, Aeslhetlc design Is also important, A In planning a berm, one must Include

4.4 Butrters barrier constructed without regard for seeding and planting In figuring cost.
A noise barrier Is an obstacle placed be- aeslheti¢ considerations could easily be Also to be Included are land oosts and

an eyesore. A well designed berm or malntenanceln relatlontoeroslon, dtaln-tween a no_se source and a receiver
whJeh interrupts the path of the noise, fence can aesthetically Improve an area age, snowprowing, mowing, and perhaps
They can be made out of many dlfferenl from viewpoints of both the motorist and future seeding. It costs approximately
st_betances: the usersof nearbyland. $1,000 per acre per year to maintain a

berm which Is accessible to maintenance
a) sloping moundsefearth, called berms A)Earth germs An earth berm, a long equipment.3
b) walls and fences made of various mate- mouhd of earth running parallel to the

rials including concrete, wood, metal, highway, is one of the most frequently B)Wellsand Fences as Berdors In addlllon
plastic, and stucco used barriers. Figure4.17 shows a cross- to the more usual function of keeping

c) regions of dense plantings of shrubs and section cl a berm. people, animals and vehicles from enter-
trees IngIhe highway right of way at undesired

d) combinations of theabove techniques Berms canrange from five to fifty feet In locations, a properly designed fence or

The choice of a particular alternative de- height, The higher the berm, the more wallcan also provide visual and acousti.
pends upon considerations of space, land Is required for IIs construction, Be- cal separation between highway noise
cost, safely and aesthetics, as web as cause of the amount of rand required, a sources and adjacent land areas, This
the desired level of sound reduction, The berm is not always the most practical method can reduce noise as much as 15
effectiveness el Ihe barrier Is dependent solution to highway noise. Different dBA_4
on the mass and height of the harrier, techniques must be applied in urban as The vertical construction and minimal
and IIs distance from the noise source distinct from rural settings, wJdthof walls and fences makes Installs.
and the receiver, To be effective a barrier lion possible when space is severely
must block the "line of sight" between A berm can provide noise attenuation of limited, This is especially Important
the highest point of s noise source, such up to 15 dBA If It is several feet higher when land costs are high, and where
as a truck's exhaust stack, and the high- than Ihe'llne of sight" between the noise buildings are already adjacent to Ihe
set part of the receiver. This Is Illustrated source and the receiver. This is compar- highway, The advantages and dlsadvan.
In Figure4,16. able to Ihe noise reduction of various tagesof wall and fence barriers are sum.

wails and fences which are used as bar- marized In Figure 4,19.
To be most effective, a barrier must be tiers, However, earth berms possess an
long and continuous to prevent sounds added advantage: Inslead of reflecting The humber of design variations for fence
from passing around the ends. It must noise from one side of the highway to and wall barriers is virtually unlimited.
also be solid, with few, if any, holes, another, as walls do,1 and thus Increas-
cracks or openings. It must also be Ing the noise heard on the opposite side, Acoustically, any solid continuous struc-
strong and flexible enough to withstand they deflect sound upwards. Figure 4,18 ture will suffice, provided that It Is high
wind pressure. Illustrates this phenomenon, enough, and provided that the barrier Is

Safety is another Important cons]data- The cost of building a berm varies with ofadequatemassanddens[ty,
lion in barrier construction. These may the area of the country and the nature of The cost of a fence or wall type barrier
Include such requirements as slope, ttte the projest, In California, the state.wide can vary considerably according to the
distance from the roadway, the use of a average for building a berm is about $1 type of construction, the material used,
guard rail, and discontinuation of bar- per cubic yard when the earth is at the local availability of materials and skills,
rtersatlntereections, site.2 and Ihe barrler's dimensions, Not eli

1 oReeectlonI noJsofromoneside 2Thisestimatewasprovidedbythe
ofthehighwayIoanother_anIn- CalilornlaHighwayDeparlmenh
crease8gunslevelsby0dCA.
Scholoe,Selvldg_,endSargent, 31Did.
"BarllersandTraHIcNoise
noakl,"appt/edAcou_fics,5:3 4Calaorn_aDivisionofHighways,
I July197e)p.217, HighwayNoiseControl,A ValueEngln_efin_St_¢Y.(Octohol1S72). 52
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types Of barriers are suited for all eli- debate, Some conclusions can, however_ D)CombinaBons of Various Barrier Designs
mates, end local conditions may cause be drawn; Often, the most economical, acoustically

significant differences In the malnte- e Plantings In a buffer strip, high. dense, acceptable, and aesthellcelly pleasing
nonce cost of the various barrier lypes, and thick enough to DOvisually opaque_ barrier is some eombinaUon of the barrier
The cost questions must be evaluated on wlB provide more atlenuatlon than that types prev{ously d[scuseed.
alocelbasls, provided by the mere dlstonce which the For example, the M{(waukee County

Some of the frequently used materials for buffer strip represents. A reduction of Expresswayend Transportation Commie-
fenceand wall construction are masonry, 3-5 dSA per 100 lest can be expected, sign feels that barriers constructed of
presser generate, end wood. Shubs or other ground cover are neces- pre-cast concrete on top o( an earth herin

sary In this respect to provide the re- provide maximum benefit for the eosh5
Masonry noise barriers can be made of quired density near the ground. They estimate that such a combination
concrete blocks, brick or stone, A con- • Tire principal effedt of plant{age is psy. coateS51 per hnear (got,
crete block barrier might range In cost chologleaL By removing the noise source
from $10 a linear foot for a B-ft. high watt, from view, plantings san reduce human In addition to cost advantages, an earth
to $75 a ffneDr foot for a 12-ft. high wall. annoyance to noise. The fact (hat people berm with a barrier wall on top of it poe-
This latter figure Includes a safety rail- cannot see the highway can reduce their sasses several other cdvsntages over
tag, in general, a concrete block wall awareness of It, even though the noise both sweller a berm alone: 1) It _amore
would cost $50 to $60 e Sneer foot.1 To remains, visually pleasing than a wall of equivalent
alleviate the monotony of e long run of • Time must be allowed for trees and height; 2) Ihe berm portion of this corn-
watt, pilasters can be used; a 20 It, htgh shrubs to altain their desired height, b_natlon Is less dangerous for a m0torlst

concrete wall with _lloeters might cost • Because they lose their leaves, decide- leaving the roadway_ 3) the non-vertical$300 per linear foot, Brick and stone are ous trees do not provide year-round noise construction of the berm does not reflect
extremely expensive and should only be protection, noise back to the opposite side of the
used for special aesthetic considers- highway the way a wall does; 4) tMe
lions.3 In general, plantings by themselves do combination requires less land then

not provide much soundattandatton, It Is would be requhed for a berm of _atva-
Precael concrete panels offer opportuni, more effective, therefore, to use plant- lent height and slope; and 5) the well
ties forcost reduction. A 13' 4" high web Ings In conjunction with olher noise re- provides a fencing function not provided
In Fairfield, CalgornJa constructed of ductlen techniques and (or aesthetic byaberm,
pre-c_st concrete panels cost only $29.50 enhancement,
per linear foot. Anotl_er comb_natton to be considered Is

The cost of plantings varies with the thct of plantings in combination with a
WoodnoJeebarrlorsareanotherpoaslbil- species selected, the section of the bardsr. NotonlydoplenBngsandground
Ity. They tend to be leas _xpensl_e than country, the cttrnate, and the width of the cowr provLdesome addBIonat nole_ at-
other methods but are not as durable, An buffer strip, For deciduous Irees and tenuation, but they also increase visual

* 01estimated coat fore (3 high 518 plywood evergreens, costs range from $10 to $50 e appeal.
lencels$5,00perllnear_oot.4 linear foot, The width of such a step

would be approximately 40 feel for eccl. 4.5 Conclusion
G)PlenIInge plants absorb and scatter dUDeS trees and 20 feet for evergreens, Figure 4,19 provides a summary of the

sound _eves, However, the effectiveness Planting shrubs between the trees so as physLca_ teehnLqdeS which sen be as_d
of Ireee, shrubs, end other plantings as to form a dense ground cover would by designers, builders, and developers to
noise reducers is the subject of some doubletheprlce, reduce highway noise Impacts. Some

1 Figure provided by an onlc_af o_ 3 Gallfornia Division of Highways, g_neetlns Study, (October 1S72_

the C_.Sfam(¢L HLehw _.¥Osp_n.. H_gtlwsy Noise Cool,el. Value En- p. 45.
meal. glneerlngSludy, (OclOberlS?2h

2 flepresen lative coal ealimalo5 of p. 33. 5 MUw,_ukeo County Expresswayand Transportation Commission,

meier/at= and labor el coast ruc. 4 calnomla Division el Highway s, Noise/mpac151udr or I_e Alrpolt
lion bUl ex©ludlns real oslala Highway Noise Control. Value En. Spur. V. n; Tectonics/R_poH.
acqu_alUom pr tv_.te 54 tM_roh _S?31. pp. 7-21.



conclusions follow which may be useful
In getting them Implemented,

As is Indicated by the chart below, five
factors which must be considered In the
selection of noise reduction measures in-
clude the following;

1) No]so reduction dedred
2) Situation whore the physical technique

would be most effective
3} Cost
4) Relevant admlnlstretivo techniques
5) Aesthetics

NOISe Reduction The physical tech-
niques discussed vary in their noise re-
duction capabilities, For example, the
effectiveness of the less expensive tech-
nlques, such as ells planning and
acoustical emhlfectural design, is limited
to situations where there is some dis-
tance between the buildings and the
noise source. If the noise source Is
nearby and significant noise reduction le J /_L.,_
desired regardless of the expense, then
more expensive measures, such as
acoustical soundproofing and barrier
construction, may be necessary.

Situation whore e technique la most sp-
ptlceblo The applicability of a technique
Is determined by the population density
of an area and the point in the develop-
ment process at which the technique Is
to be used, ],e,, Its timing, In a densely
populated area, site planning (perhaps In
conjunction with construction of a berm
and s region of plantings) can often solve
the noise problem. In e high density area
where land is scarce and expensive, a
better alternative would be barrier con-
struction and acoustical soundproofing
of the buildings,

4,18 Wall barriers may rollecl sound
tram one aide of the highway to
the other,
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Physl©ml "Fmchnlque PotsnW=L EIt sct_l_=_ss _ttua_lonJl Whore Mosl Effective __

Acoustical Silo Ptaflnlno Goo_-excellont: depends off _lze _l L_t _nd n_ula_ Belo¢_ _l_t(_g constr_ct(an, belofe _ubdlv4s(on
Iorlaln development

Acousllcal ArchiteGt'Zral Design Fair Be_orebul)dlnl0 construction

ACOU_IICRI CDTlStrucllon Exc_lst_l 1ofIntef_Gr, $_f I_r 6_<le first QLtI(n_ bLt_ldl_ ¢ollstrucUoo best. More co=]tl_"
aft0r conalructlon

/

/ E3artlof8 Falr.oxcollonl, depand8 or_hlHghl and mass

Vades w;Ih lypo of balrlo_

/
_,Tlh E;_rm_. G(.to_t.e_c(_((_¢tI B_I during [oad con structlon wll_n earth I_ avail-

a_][O. Ca$tly afJer road _0rt|iru01fon. r_11praCll¢iZlIrt

Waifs and Fo_lco_ Poor-oxCallen_, dopl3nd_ on height _nd r/la_s Any tlm_

Planllng_ Poor AIler roa(f con_t ruclIon

Comb[nll(Io(_ Good.excoll_nl Depend8 on pafllcLdar corn bltlallorl

4,10 Sumrn_ry of Phyal¢_l Technique=
to Rgcluce Notea impacts
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_ ,r_

Cost Rol0vanl AdmlniltralLve Technique Commantl

Low_ only cosl=l arc feelsel acoustical consullent Zortleg, aubdlvlsIon ruIo_ build,rig code Fairly Inoxpennlvo but fequIr e_ splice which may be
u navallable, H_]a llmlted Bour_d r(]ductlon, PoslIIVI_

end sLle p_anner aOSlhellc Impect_.

LOW: only cost Is Ihltt el ocousIleal coneult ant Bulld_rtg code* , LOW cost but Ilmllud et focllv(_ness
Hoatli_ code

Vorles with amount _r noise raducll(]n desired but Bu_ldlng earle* MO_t efieclive nalsa reduction ler Irtter_o;_, but very

g_hernlly hlghl espo¢l_;)ly Mter conatfuctJort Hearth code cosily. N olo thai exterior noise level5 nro not
reduced. Individual cemponerlt s (acousllool w,ells,
wit=daws, c(]lllna_, doors) multt htl us(]d togellle_ to
be e_focllvl_,

M od_fele-hlgtl; v_l(]_ with type Of barr_er_see Zor_lng_ subdlvlnlon rule_ heellh cod(] Hlgrt rt else roductloN and pet art I_ally _OWCOSt,
bulow. Achlev(t_ _xlsrJor _lOlSo _oduc_loIl, Cart have od'_ars_

o_t hetlc Impeals.

Moderate-high: depends on availability el earth Good noise reduction prope_lle_ and aealhollc
_ppeal, bul requires f_pac_ end _equlro8 m_l_lt o-
rlartce

Low-high: depends on h_lghl end thIGknol;a Requires Iltlle _pa(]o arid _o m_llntenan¢ol bul nluy
be eeslPetlc_lly urtoppeollng end can re_lecl noise
to at her slcfoof road.

Mc_derote-tllgh_ depetlds art size or buffer _st_lp Poor I1a(_s reductlerl but olteN ileCess_ry for
oealhellc appeal, Bast uned in combination w_th
other le(]hrtlq u_a

Pot aerially hloh noIBe reduction and oullt hetlc
• Modorole-hlgh_ ¢lepetlds on type b_[ll(Ks used, appeal.

"Admlnlatr_llve lechrtlquoa which cart achieve arty physical (echnlque are heBIIh codes, occupany permit procad.res,
_rchlt(ict_ral rev_()wbo_ds, ahd municipal dosigr_ 8or_'lce_.
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The timing of a technique also deter- significant scale. Many administrative thetlcs) must be balanced against each
mines whether or not it Is applicable, means exisl to achieve each physical other to determine which technique or
There are three points at which physical noise reduction technique. For example, combination of techniques will be most
noise reduction measures cart be used: in a noise impacted area can be zoned to effective ina given situation.
the planning phase; during building con- specify details of development design or
etructlon; and alter construction, Teoh- construction. In such an area, buffer
niquee applicable during the planning strips (acoustical site plannlngJ, acoust-
phase I_clude acoustical site planning [cal arrangement of living spaces (acoust-
and acoustical architectural design, ical archltestural design), building In-
During the construction phase, those sulatlon (acoustical construction tech.
techniques most applicable for highways niques), and barrier construction could
are berma and barriers, since building be required. Similar requirements could
materials are available at the site; and be included In the subdivision laws.
during building construction the most Building and health codes, enforced by
appropriate measure Isacoustical sound- withholding an occupancy permit, are el-
proofing. It Is possible to undertake fectlve ways to bring about acoustical
noise reduction measures after construe- soundproofing, As explained In the eec-
tion, butcoetseremushhlgher, tlon on Building Codes, particular

acoustical construction materials can be
Coat Cost is a very important considera- required or specific performance stan-
tlon In the selection of a physical noise dards established.
reduction technique, Generally, cost Is
determined by the amount of noise re- Aesthetics Aesthetic and quality of life
ductlon desired and whether the noise considerations are another important
measure is a preventative or ameliorative area of concern. They depend largely on
one, local preferences and climate, and

opinions of what is aesthetically pleasing
The most effective noisereduction rues- will vary among communities,

sums are often the most expensive, Whatever the aesthetic _udgement, sea-
These include barrier construction and thetic considerations must be incorpo-
acoustical soundproofing. However, if rated into the planning and construction
action Is taken as e preventative measure process to insure that the solution which
in the planning stags, there is often no results is not offensive to thecommunlly.
need for the more expansive techniques. This can save a great deal of time and

Relevant administrative techniques All money inthe long run,
these physical tecllnlques depend upon Finally, It should be stressed that no
administrative actions for Implements- single technlqueorcomblnetfon of tech-
tlon+ It Is possible that physical mea- nlques Is best far all situations, and that
sures to reduce noise would be taken lechnique whlah is best wiU depend on
without local government action, but the nature of the project. The factors
since they involve extra expense, It Is un- which are discussed above (i.e., noise
likely that they would be adopted on any reduction, cost, applicability, and aes-
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5 HowTo Implementa by a member of the municipal staff or by

Noise Compatible a citizen committee appolated specif-ically for this reason. The amount of
Land Use Control analysis and the type of action taken In
Program this effort fs dictated primarily by the

urgency of the community's potential
noise Incompatibility problem:

1)Immediate stopgap response is notes.
eary In situations where development of
incompatible land uses Is underway or is
contemplated In the near future. Under
this strategy a community quickly Insti-
tutes regulations which tend to temporar-
ily prevent Incompatible development,

This section is intended to help local This is done as a holding action to give
government officials actually institute a the community time to consider andnoise compatibility land usa control pro-
gram which would use one or more of the adopt a more permanent noise control
administrative techniques discussed in program, hnmedlate stopgap response is
Section 3 to bring about chosen physical not an ideal strategy, but It may be the
methods discussed in Section 4, Accord. only option open to a community.
Ingly, Ihls section Is divided into Ihree • Stopgap procedures which are legal in
parts: some states include:

1)An outline of two strategies that can be • Zoning all undeveloped land for agdcul-
followed, based on the urgency of the rural use
sltualion. • Zoning all land adjacent to the highway

2)A discussion of some of the problems for Industrial use
thai may be faced in implementing a institution of a moratorium on all con.
noise compatlblgty land use control struction until a master plan or new zon-
program, ing or other regulations can be formu-

3)A collection of sources of further in- laledandadopted
formation. • Passing strict zoning, subdivision, or

5.1 Stagesof building codes which might discourage
Implementation development,
The actual effort necessary to determine 2) Normal administrative implementation is
and implement a noise compatibility con* the strategy that most communities wifl
trol program for a specific community probably follow, It allows for orderly
involves analysis of the various possible analysis of the potential IncompatlblUty
physical and administrative techniques problems, the available physical solu-
In order to choose the combinations that tigris, and the possible administrative
will best suit the local situation. This techniques, Analysis can be made to
work can be done by an elected official, determine which combination of lath.
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n_ques c&r_bes_ soIv_ _he comrnun_y'_ tLons wherG the develop_en_ o( _ncorn- c_n_rol progr&m _e_I be(or_ _h_po_I
noise compatibility problems at a r_ason, patibJe land uses Is irnmlnont. Incompatlbilitlos exist.

ablocost, • A mastor plBn has no power of enforce- Identlfy lho Problem Existlng and poten-
ment and i_ Irequenlly ignored during tlal noise Jncompatlblflties c_n be Iden.

AnotheF dlmen_Ion ca_ be added to the subsequent munlclpal declslon-maklng tIIl6d by delermlnatlon of both nolse
admlnlstrallw process by the Inclusion situations. Thus the recommendatfons of _B_elsand p_entLaL _ancl _ses L_ no_se
of maB_r pIBr_n_ng,_B_r p_a_nln_ pro- lhe master plan mE_ynever come to exist, impaclod area_. Usually this can be done
vldes the Important _dvanlage of con- And no matte_" how wol_ th_ munlc_pal wlthout _mpJoyJng an acoustical con.
s]derlng th(, various nolse compaflblJity future is p_ar_neda maste_' plan Is worth-
control optlons as p_r_of a larger _et of res_ if it I_ not Implemented, suilant, and often the _arge_"and better
community goals and plans. As such. staffed locaJlt_esmay wish to have their
master planning can Identify and avoid fncluslon of _1olsocompatlbilily land use ow_ measuring equipment. Nolse levels
sltuatlons where cerlaln noise colllpati- control con_Ideratlons Inlo any _oc_l often can be delermlned from state hlgh-
b]IIty control measure8 would conflict master pfannlng effort is mosl d_Irabfe, way department data, If som_ technical
withothercommunlty_Qals. {t Ls not, however, adequa_.e unless ;hB skl_l is avallabIe within th_ municipal

adminlslrat_vo cont_'oJ8necessary to Ira- staff, the noise predictors llsted later In
In It_ masler plan, a communlly of re* plement the master plan are adopted and lhl@sectfon w_llbe helpful.

valopmentgl°nalp_annlngagencycanguid°t_°de'oft_e town or region to mlni- deal!Immedla_ewith,no_e Incompa_Ibltlflos a_B ThernasterplanningprocesscanprovJde
mlze noise _mpacts, Forexamplo, It can assistance at thls polnt by provldlng an
r_c_mend that {ndus_r{_ _r_d co_rn_r- A str_t_y c_(norrna.[_drn{rds_rBtI_e _m- Lr_tory o( exi_t{_g _nd poter_t_l lar_d
c_al uses and open space recreatlonaf plemenlatlon can be divided into f_ve u_es in noise _mpactedareas and by de-
areas be Iocaled along highways, and majorphase_: flnlr,g nolse compatlbillty go_Is for the
resldenti_1 areas be placed _n qulo_er a)Problem Identlllcatlon community. Typlcally |hese _oa}_ wl_ b_
zone_. Linear parks along a l'IIghw_y can b)Examf/lat_on _.Id seJectlon of admlni_tfa- basedboth on Ideal compatiblllty _tan-
provide needed open space for the como l_vete_hnlqu_s suited to thelocallty dards and on reallstlc practical Ifm_ta-
munity _nd natural beatify for the pass* c)Study of legal statu_ _Ions Imposed by lhe local ¢ondltions.
{ng motorlst. They _an also provide a d)Seek state leglsJative cllanges wh_re Hence, theearfler the pl_nning process I,_
[_ood use for land whlch Is too nolsy for necessary starled, the less're_tr_ctlve th_se llmita-
re_Identi_l development, An example of e) Implementatlorl llonswill be.

an ef fectlve use of llnearparks w_h play- Timlng Is cruclal in this strategy. Several Ex_mlnatlon and Solocllon of Adminia-
ground_, b_klr_g arid hlklng tral_s, and of the most dBs_rabJephysical _oh_tions, If_tivo Technlquo_ $ullod to tho l.ocallly
ponds Is shown In F_gure5.1o _uch a_ buffer str_ps, ac_ustlcal slte de- The e×Isting Ioc_l adm_nlstratlvo struc-

slgn_ and acoustical construction meth- ture should be studied to see whlch of
Master planning do_s haw some slgnlfl- ods, become Impractlcal or Impossible the admlnlstratlve techniques llsted Ir_
cant drawback_ which m_ke it ilnpractl- once l.lcomp_tlble land uses haw beerl Section 3 of thl_ manual are presently
ca_o_mp_m_ntln_}_communl%l_s. _ocated nBaT h_ghwa'y nc,_ _ur_s. posslbl_, _{ an _x_stln_ _Jm{n_str_v_

• BeC_UB6 it is an exp_f1_Ive process, It Also, m_ny of lhB admlnlstratlve tech- structure exists capablo, wfth minor
should not be undertaken _olely to pro- nlque_ such a_ zonlrlg are not applJc_bJe charlge, of impfementlng the mo_t de_Ir-
rnoto nol_e compatible dove_opmBnt,but onco d_volopment ha_ started or ha_ able physical solutlon_, the Imp_em6nta-
_hould apply to all aspects of the corn- reached the advanced pJannlng stage, tionpfocess becomes re{atlvelyeasy. For
munlty'B land u_ poJici_sand oblectives. Thus, it is mo_t Important for a commun- example, If the communlty _ oxporJenc-

,e it is a long process fnappropr_atein _itua- Ity to begin its noise compatfble I_nd use Ing rapld growth and devel_)pers are

60



,i ,,, ,,,,, i ,, ,,,

"" _/_ _ _.:_

/ /
nln_ ,_n_ Oo_ g_n0f P_lls bufgh

5 pro_ do nood_ _pen spaco Iof _
c(_mufllty ond ngluct_l b_'_Y laf
motO¢l_l, 1

g3



anxious to build, the town's subdivision terns end readily available eolulions is a acts vary greatly from slate to state, Such
rules and regulations could be rewritten clear indicator that the goals of the things as occupancy permits, required
tolncorporatenoise reduction consldera, manual will be achieved rapidly In all _nvlronmantal Impact statements, and
tlons, and building permits could be partsofthecounlry, incentive tax assessments are net legal

In all states. This obstacle can only be
madscontlngent upon strict compliance. However this may not be the case: The overcome by action in the various state
Sludy of Legal Status tf existing admln- obstacles to the Implementation cf this legislatures,]stratlve structures are not capable o_Ira- manual are many and must be overcome
plemenflng the most desirable physical If noise-compatible land use develop. Cost The adoption and enforcement of
solutions, the next step would be tc de- meat Istc be possible. They Include: any regulation or restriction will entail

terrains what administrative mechanisms • pubIicapathy administrative costs. This can Include
could be set up undertile state's laws. •/imitations under state laws legal costs and court ordered payments if

lawsuits, result from Improper admln[s-
For example, a community might be able • financial cost to the municipal govern- italian of regulations, Finally, the costsunder state law to assess undeveloped meat
land at a low value, thus providing e fl- • negative physical and aesthetic side of municipal land purchase can be s}gnl-
nanclel incentive. Or,a community might effects ficant.
decide to adopt zoning or subdivision * opposition with privatelnterests A careful choice of administrative noise
control to implement norse cempetlb[llty ,,cord_tcts w(th tocaltrad{tlen compatibllby control techn[ques can
control. If the necessary administrative minimize these costs. Often a combine-
procedures are not permitted by stats Public Apathy it is an unfortunate fact lion of techniques is less expensive than
enabling acts, pressure can be applied to that little public awareness of noise in- a single technique. For exempts, a policy
ravlsetheetatelegletaSon, compatibility exists, The resulting of zoning restrictions combined with

apathy makes it difficult for officials to municipal purchase of only the most
_mplemaatatlca If an acceptable new ad- _mplemant no_se compatlbllLty proDrams, threatened land is lar lees costly than a
mlnletrative technique can be adopted especially when high municipal costs or policy of massive municipal purchase.
capable of Implementing noise ¢ompatl- extensive restrictions are Involved. The Likewise, the cools of administering and
blgty control programs, the Implementa. term "noise pollution" Is a relative new. enforcing a health code noise regulation
tlcn process now becomes relatively comer to popular environmental jargon, could be lessened if the community also
easy. What is needed, however, is con. having got a much sJowarstart than air had an architectural review board v_btch
stoat re-evaluation of the noise ecmpetl, and water pollution, Jt Is now becoming inspired buIMsrs to voluntarily construct
biilty goals and possibly the master plan, Increasingly more the subject cf public no_secompatible dwellings.

attention. Perhaps this increasing public
5,2 Problems of awareness wttl soon overcome existing NegativeSide Effects While some noise

Implementation apathy. Until then, local officials can Impact reducllen techniques, such as
The problems posed by the introduction make efforts through the press or Linearparks {as buffer zone, are aesthett°
of incompatible land uses to areas near through citizens' g(oupa to Inform the catty pleasing, other techniques, such as
ex_sting no_se so,toes--highway or public el the significant llnanclal and highbarrler wall_, con be eyesores. Like-
otherwise--are significant In terms of socialcosts of noiselncompatfblllty, wise, the sealed environment within an
economics, health, and quality at life. acoustically insulated housej or the 0n-
The solutions available are many, asps- Legal Llmilotlons Legal flmltetions exist clave effect created by extensive barrier
cia_ly before any land development has on powers of focal governments to walls can be quite dlspJeaeJng to the
taken place. It would seem that this cam- restrict end regulate land use control, residents, All of these negative physical
blnatlon of significant potential prob- Tbe powers granted by state enabling effects can be overcome in many In-
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stances If planning for a noise compatl- ful sources which provide comprehensive ginee[s.11

billty control program is begun early Informatlonintheareasofacoustlcs, the
enough to allow a wide variety of physl- effects of noise, noise standards, pro- Texts on physical techniques for noise
col techniques and if the administrative diction techniques, impact reduction Impact reduction tend to concentrate on
structure is such that a choice can be techniques, and noise controlleglslatlon, specific techniques. A relatively corn-
made between the various physical tech- prehenslve text on physical techniques is
n]ques, However, in situations where The Fundarnenta/s and Abatement of High- Env#onmenla/ Acoustical2 by Leslie T,
there is an Inflexible administrative sys- way Trafhc Noise1 is an excellent general Coolie, This book contains acoustical

text on highway noise providing basic Information on site planning, architec-
;t tom or extensive existing development, technical information on most of the tufa] design, and building construction,

the limited choice Of physical techniques areas mentioned above, For a less tech- The Handbook of Noise Control13also pro-
will make some negative side effects nical, more general review of acoustics video a somewhat comprehensive cover-
unavoidable, and noise control, Noise2 by Rupert age of noise control techniques, it Is
Prlvatalnterests Most no_secompatlbll. Taylorlshighlyrecommended. Twotexts particularly useful for the article on
[ty control programs Inevitably restrict which provide a comprehensive review of acoustical construction entitled "Trans-
the options available to builders, devel, findings on the effects of noise are Noise mission of Noise Through Walls and
opera, and owners of land near a high- as a Public Health Hazard - Proceedings of Floors" by R.K. Cook and P. Chrzanow-
way. As such, these people will have a the Conlerence,3 a publication of the ski. Two important documents on
natural opposition to the program and American Speech and Hearing Aesocia- acoustical construction techniques are
may exert pressure against Its adoption, tlon; and the Report to the President and Guide to the Soundproofing ot Existing
This opposition can bs neutralized by Congress on Noise.4 Community Noises Homes Against Exterior Noise,14 and A
seeing that the restrictions are limited to contains information on the community's Study of Techniques Io Increase the Sound
only those that are necessary, offering reaction to noise. A review of studies to Insulation ofBuilding Elements.15
practical alternatives such as cluster de- determine compatible noise levels is con-
velopment, and by informing the public rained In Evaluating the Noise of Transpor- For extensive descriptions of various
of the relevant Issues thus enlisting ration: Proceedings of a Symposium on types of nolsebarrters,seeHtghwayNolse
publicsupport fortheprogram, Acceptabgity Criteria /or Transportation Control: A Value Engineering Sludy.16 The

Noise.6 Fundamentals and Abatement of Highway
Tradition Lastly, a noise compatibility Tralllc Noise described above also con-
land use control program may represent a For a review of Federal Noise Standards, talns an Informative discussion on bar-
sharp break with established local tradi- see (a) The Noise Control Act of 1972,7
tlon, Zoning, rasttlcUvacodes, municipal (b) HUD Circular 1390.2, "Noise Abate- rtere. For a comprehensive overview ofthe use of plants in design and noise
land purchase, andvarious physical tech- merit and Control, Department Policy and control, see P/ants, People, and Envlfor]-
nlquea all may benew concepts In acorn- Implementation Responsibilities and
reunify. Such traditions are often tens- Standards,"8 and (c) the FHWA Policy manta/Quality.17
clously held, and an extensive public and Procedure Memorandum 90-2: Although It is not directed at noise
information effort may be required to "NolaoStandardsandProcedures,"9 controI,ClusterZoninginMessachusetts18

break them. Usually, a clear knowledge Two highway noise prediction tech- contains useful Illustrations of cluster
of all of the effects of a program will niques are described respectively in zonlngtechnlquea, someofwhich can be
lessen the public fearsassociated with It. (a) Manual for Highway Noise Prediction, 10 used to reduce highway noise Impacts,

5.3 Other Sources of Information For addl- and (b) National Cooperative Highway Informative literature on administrative
tlonel Information on Issues of highway Research Program Report #117, Highway techniques for local government noise
noise control, there are o number of use- Noise.. A Design Guide for Highway En. compatible land use control Is scarce,
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The most helpful literature for further Footnotes 11 Nationa/CooperatlveHlghwayResaarch
Program Report # 117, Highway Noise: A

study in this area Is legislation. 1 U.S. Department of Transportation, Fed- Design Guidelor Highway Engineers,
On the Federal level, the National Environ. oral Highway Administration, Funda- Washington, O,C., 1971.
mental Pogcy Act of 196919 requkes on- memalsandAbatemenfofHIghway Traffic 12 Leslie T, Docile, EnvironmentalAceusttcs,
vironmsntal impact statements, which Noise, June 1973, Report No, FHWA-HHI- McGraw-Hill, New York, 1972.
include noise impacts, for certain Fed- HEV.70.79?6-1. 13 Cyril M, Harris, ed., Handt_eokofNolse
eral prelects. On the state level, local 2 Rupert Taylor, Noise, Dell, 1970. Control, McGraw-Hill, New York, 1957,
governments should review their state 3 W. Dixon Ward and James E. Fricke, eds. 14 Los Angeles Department of A_rports,
enabling acts that allow the various NolseasaPublieHealthHazard.--Proceed- GuidatotheSoundprooflngefExtstlng
administrative teshniques described In IngsoftheConference, ASHAReparts4, HomesAgalnstExlerlorNoise, Report
Chapter 3. In addition, the State of Call- The American Speech and Hearing No. WCR-7O-2. March 1970.
fornla's Environmental Quality Act20 pro- Association, Washington, D,C,,

rides an example Of a state requirement Feburary 1969. 15 U.S. Department of Housing and Urban
for environmental Impact statements for 4 U.S. Congress. Senate, Report to the Development, A Study of Techniqueslo
all public and private development, president and Congress on Noise, S. Dec, Increase the Sound Insulation of Building
Some local legislation which may be 92-63, 92nd Congress, 2d session, 1972. Elements, June 1973, Report No, NR-73-5.
useful as examples of noise compatible 5 U,S. Environmental Protection Agency. 16 California Division of Highways. Highway

Community Noise, December 31,1971. Noise Control:A Value Engineering Study,
land use control are the Development Report No. 69-04-0049.Standards for the Cityol CarNies.21 and the October 1972.
HeaRh Code of Orange County,22 These 6 Chalupnik, James D. (sd.}, Evaluating the 17 U.S. Department of the Interior. P/ants,
and others are discussed _nmore d_ta_ Noise of Transportation: Proceedings of a People,and Environmental QuegW, 1972.
InChapterS. Symposium on Acceptabglty Criteria for 19 Kulmala, KatharlnaA,(wlththePlanning

Transportation Noise, Wasl_ington, D,C., ServicesGroup. Inc.). Cluster Zoning tn
April 1970, Massachusetts, Cam bridge, Massachu-

7 Noise Centre/Actor 1972, P,L, 92.574 sells, 1970.
October 27,1972. 19 National Environmental Policy Act of 1969.

8 Department of Housing and Urban gavel, p, 6, 92-574 (October 27, 1972)
opmsnt, HUD Circular 1390,2, "Noise 20 State of California, California Admtnts-
Abatement and Control. Departmental trative Code,Title 14. Natural Resources,
Policy implementation Responsibilities Division 6, Chapter 3,
and Standards," Washington, D.C.. 21 City of Cerrltos, California, Development
August, 1971. Standardsof the City of Cerrltos,

9 U.S, Department of Transportation, Fed- 22 Orange County, Health Code.
oral Highway Adminlstrallon, Policy and
Procedure Memorandum 90-2, "Noise
Standards and Procedures," Transmittal
279, February 8. 1972.

10 U,S, Department of Transportation,
Transport allen Systems Center, Manual
for Highway Noise Prediction--Technical
Ref_ort,Washington, D.C.. 1972.
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Appendix A: determinant of a community's strategy.
Case Studies The low density of Marehf(sld-Pembroke,

the medium density of Cerrltos, and the
high density of Somerville olearly'are re-
flected in the three respective chosen

q strategies of zoning, barrierconstruction
with residential sound insulation, and
site planning In an urban renewal situa-
tion, Although these three communities
were not chosen on the basis of popula-
tion density, they clearly demonstrate
the effects of this variable.

The local political environment and com-
munity goals constitute another major

The discussions of administrative tech- determinant of noise compatibility con-
niques and physical methods in earlier trol strategies. In Cerrltoe, a powerful
sections of Ihls manual emphasized the and capable local government, supported
need to consider specific local condi- by public attitude, has been able to lm-
tions in selecting an effective strategy for plement land use controls that would not
reducing highway noise impacts, To be possible In many other communities,
Illustrate variations In community re- Marehfleldand Pembroke, with theopen
qulrements end to evaluate some strato town meeting and part time municipal
ogles that have been or might prove Io be officials, provide an excellent example of
effective, case studies of three communi- strong citizen control over the policies
ties' elfotis to control noise impacts were that the town officials can Implement,
carried out as part of the preparation of The technique of zoning the potential
the manual, Within each community, a noise Impact area for Industrial.uses only
parcel of undeveloped noise Impacted may have to be reversed at a later date,
land was chosen for specific focus, The Any changes to this strategy face the
communities selected--Somerville, Mas- possibility of battles on the town meet-
sachusetts; Cerrltos, California; and ]ngfloorandalloftheuncertalntlesthat
Marshfleld.Pembroke, Massachusetts-- the open town meeting provides. The
represent widely divergent population third case, Somerville, is an example of
densities, communhy backgrounds and how local community and political pros-
goals, political environments, state laws, sures have forced a change from a strat-
and topographical characteristics, From egy of urban industrial zoning to that of
these case sludles, it can be seen how acoustically protected residential use,
these factors shape the noise reduction
strategies chosen and thuir relative The town's maturity also plays a role In
successes, determining the land use strategies in-

volved. Incorporated in 1956, Cerrltos Is a
Population density seems to be a major relatively young town which is experiene.
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AppondixA: Ing Intense pressures for development. 1)A general background of the community sound-proofing construction materials
Cerrltos, Cal, Because development is occurring at including its residents, political strut- and techniques, and to erect noise bar-

such a rapid pace, the public is aware of ture, existing land uses, and noise riots.
the need for controlled growth and Ihe sources,
Importance of environmental consldera- 2)A discussion of a selected noise-Ira- Releof Local Government Although Cer-

rttos is not unique in having land usetfens, Also, developers realize that if they pacted site within the community, am-
want to build, they must comply wllh phasizlng land uses, history, noise and land development as key political
strtngent noise compatibility standards, sources, and existing land use controls, issues, Its city government has re.
fn contrast, Somerville is an old city with 3)An evaluation of alternative noise corn- sponded to these Issues in an unusually
most of.its housing constructed before patiblflty land use control strategies, In- effective manner.The governmenthas an
1940, II developed without specific cludlng actions presently being taken, el- executive and legislative form of govern-
regard to eolss compatibility problems ternative actions rejected as being un- mant consisting of a city manager and
which baysonly recently become matters workable, and potentially valid alternative city council respectively, It has a Depart-
of concern, Unfortunately, residential actions, ment of Environmental Affairs which
areas and traffic patterns are established, conlalns a city planning statf of eight
and it is Ihsrefore difficult to deal effec- They are presented successively below, full.time employees, a considerable
lively wilh traffic noise problems, number for a city its size, "]'heplanning

slaff takes a veryact Ive role inall aspects

A final meier determinant of the tech- CaseStudyl : ol urban development in Csrritos. Its
nlques which a locality can utilize to pro- Cerrltos, California activities go beyond the formulation and

enforcement cf the general plan for land
mote land use compsllbgity wrth noise is Cerrltos, California, located in suburban uses. Plans for development of particular
the existing state legislation fn this area, Los Angeles County, is a rapidly develop-
California, for example, has both a pew- ing residential community facing severe land parcels are scrutinized at all levels
erful environmental quality act which highway norse Impact from three major fromoverall site planning to constructionmaterials and architeclurel details, In
applies to almost every construction freeways (see Figure A-l). A construc- fact, the City of Cerrltos sots In manyproject, and a strict requirement thai ties boom has transformed Cerrrtos from

ways as a site planner and architectural
each community have an extensive Jocal a dairy farming community of less than consultant to all new developments, and
master plan. The Cerr[tos case study 4,go0 people Ioa city of 40,0O0 in Jess has even taken over some of the roles
shows the effect that this type of support than a decade, The residents are pdmar- usually performed by real estals develop-can have on the local government's Ily young, we_l educated middle and e_s, In its unusual role, the Department
ability to act In a forceful manner, upper.middle income families. Although of EnvtronmentaJAffairs has the support
The threecase studies all show that high- the demand for new homes has led to of the five-member Planning Commie-
way noise and adjacent land compagbll, residential development in noise-Ira- signand the political basking of the City
Ity Is an existing or potential problem, pacled zones adjacent to the freeway Council, One of the principal levers used
While there is a wide range of people's right of way, the problems of highway by Ihs City to guide the development is
perception of the problem and an equally noise have not been ignored, An active the building permit. All building permits
wide range of possible solutions, the city government with strong public sup- must be approved by the Department of
problem is real and must receive careful port has endorsed stringent noise elan* Environmental Affairs which freqently
Iocalattentlon. dards for new residential construction, w[Ihholds Its consent until plans are

Developers are required to Incorporate revised to conform to Its specifications.
Each case study follows the same basic acoustical considerations fn site plan-
format: sing and archllectural design, to use The CIW Government's active role In Ira-
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Appendix A: proving the physical environment of Car- mental Impact Report to be prepared for Noise Sources The principal noise
Cerdtos, Cal. rites includes stringent measures to con- ell major new conslructlnn prelects, sources In Cerdtos are three major free-

trol the problem of noise, City whether public or private. With a few ways: the San Gabriel Freeway (Inter-
ordinances restrict noise emissions; the minor exceptions, such as Individual state 605) In the western half of the city,
general plan and zoning laws control single.family homes or Individual apart- the ArtesJa Freeway (interstate 91)
noise Incompatible land uses; and build, meats of four dwelling units or less, the crossing the center of the city In an east.
ing codes give detailed prescriptions for developer of any parcel of land must sub- west direction, and Ihe Santa Anna Free-
noise reducing construction techniques, mlt a detailed, documented analysis of way which is adjacent to the northeast
The basic tool for achieving these ambf- any potential negative environmental corner of the city. These highways are
llous goals In noise reduction Is, once Impact, The Environmental Impact Re- heavily traveled by passenger cars and
again, the city planning staff which pro. port must be approved as adequate by trucks and cause major noise impact
rides technical and planning assistance local government authorities, a process along their borders. The land uses along
as well as controland supervision, which may require several revised sub- these freeways are mixed, but Include

The Role of the State Government The missions, and public hearings. With substantial amounts of residential
fespecl to noise, the EIR requires analy- development. (See Figure A-2).

state of California assists In the control sis of the Impacts of the existing environ-
of noise incompatible lend uses through meat upon the project, the Impact of the Arterial streets In Cerrltos are also heav-
two important stalutory requirements, project upon the surrounding area, and Ily traveled and create another source of
California requires local communities to the development of specific measures to noise, although their Impact Is much less
adopt detailed general plans for develop, minimize any negative Impact.1 than that of the freeways. Neither Long
meat. In addition to such Items as land Beach Airport seven miles away nor Los
use_ housing, conservation, and open
space, the plan Is specifically required to Discussions with California state and Angeles International Airport twenty-five
contain a noise element. The noise focal officials Indicate that the require- miles away creates a severe noise Im-
elementforeealoealcommunitlestocon- ments of the Environmental Quality Act pact. There are no stationary noise
sider the problem of noise compatibility have helped educate local officials and sources al the present time,
In planning land uses, There ere many real estate developers about the nature The City of Cerrltos has established am-
difficult obstacles to overcome in con- and magnitude of environmental impacts bilious standards for dealing with the
vertlng general or master plans into on the surrounding community, As a severe problems of highway noise.
actual lend uses, The State of California result, both local government and private Ambient noise levels of 45 dBA within
has taken a tirol step to encourage the entrepreneurs have become much more dwellings, and 60 dBA in outdoor reel-
implementation of general plans by re- sophisticated In developing alternative dentlal areas, are slandards advanced In
qulring that local zoning maps be plansioreduceenvironmentaflmpacts.ln theelty'sgeneralpJan.
brought into conformance with the land addition, the EIR provides local cam-
use patterns adopted In the general plan. munltles with the information they need The Study Site To Illustrate some of the
Once this occurs, zoning changes to estimate accurately the level of envl- highway noise problems facing Cerrllos,
or variances cannot take place without ronmenlal degradation, fn the case of and to analyze some of the efforts being
previously revising thegeneral plan, noise there Is now a much greater under- made by that community to solve them, It

standing of noise measurement tech- is useful to examine a specific site. A
The second major state contribution to niquesand the evaluation of the accepts- residential development currently under
encouraging noise compatible land use bllityofaoiselevels, as well as sufficient conslructlon in the northeastern section
Is the California Environmental Quality dataonlndlvldualsltes to make Informed of Cerrltos provides a good example,
Act. This law requiresa detailed Environ- Judgmentspossible. Tract 29444 covers e roughly triangular

1elsie of Calnornla, Call/orals Ad.
ml_lsttotlvoCo_le, Title 14, Ulv, 6_
Cha!o, 3,
CItY of C0rUto=, Canfornla, DO.
panmonl o[ AcJmlnJst ration,
e_yltonmenla/ Impacl Report Guido.
lines - Resolution, 73-20 IAprlJ, 69
t or3).
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Appendix A: area of about 12 acres. It is bordered on along the freeway side of the devel- sary.
Cerrltos, Cah the north by Arteeia Boulevard, on the opmenh 2) A sellers' market In single-family residen-

east by the proposed extension of Schoe- * Six foot high concrete block walls are re- Ilal homes InCorrltos, which enables the
maker Avenue, and on the southwest by qulrod on the Arteeia Boulevard and developer to recoup the added construc-
the Artesia Freeway (California Route Schoemaker Avenue borders of the tract, tloncosts,
91). (See Figure A-2) Like most of Cer- Landscaping and design variations ere 3)A familiarity with noise reduction design
rites, this area was once dairy farmland, required to improve the aesthetic impact and construction techniques and their
It Is now zoned for low density (2-5.5 of these barriers, impact by both developer and city gov-
units per acre) residential use, and a sub- * Sound Insulating construction tecb- ernment which resulls in an acoustically
division of 49single-family homesls cur- niques are required for most of the ex- effective but economically practical
renlly under construction on this site, terlor walls to meet either a 56 STC or solution.

Noise from motor vehicles was one of 50 STC rating. The developer's proposed Although the plane Implemented for
the critical constraints In the planning of constructton method for achieving these Tract 29444 have achieved their acousti-
this subdivision. Traffic on well-traveled sound ratings, Including double walls cal objectives, they do raise questions of

with staggered studs, had to be sub-
Arrests Boulevard creates a noise poilu- mhted forapprovat (seeFigure A-4). economics end aesthetics. The cost ofnoise reducing construction and design
lion problem, but the critical difficulty is • For manyof the homes, central air-condl- adds a premium of about 10% to the
presented by the Artesla Freeway which tlonlng was required as a sound insulo- price of Ihese homes compared to similar
directly abuts the tract. Even the third tton technique, For houses closer to the residences built in lessnoise Impacted
border on the development site, white heavy traffic of the freeway, special char-currently vacant and therefore not a noise areas. (This premium excludes the cost
source, is planned as a major city street coal Illlerlng systems were specified t¢ of air-conditioning and other Improve-
to be constructed in tire future. In the reduce alrpot_ution_velsaswelh ments which are not solely noise
face of all these noise sources, develop- • Housesalong the freeway were restricted related.) The aesthetic costs of noise

to a single story to keep them within the reduction are much less quantifiable, and
ing this small tract of land to meet resl- sound shadow of the concrete block wall, in fact are a matter of individual taste.
dential noise standards Is a formidable • One house with a potential noise prob-
task, The city of Cerrltos has Insisted on The high concrete wails and reduced
the use of a wide range of noise reduc- lem along the proposed Schoemaker window space tend to create a closed-In
lion techniques in the design and con- Avenue posed a future threat of excessive environment which some might find coldnoise levels on the second story, and wasstrucHon of these houses in order to and forbidding, Most people would agree
meet the city's objectives of obtaining an therefore designed with double glazed that the high noise barriers on top ofwindows,
ambient noise level of 60 dBA In open earth walls are not an ideal back-yard
spaces relating to dwellings, and 45 dBA Each of Ihese techniques was worked out environment. The additional economic
within dwellings. Before granting build- in negotiations between the city planning costs and aesthetic Ihnitatlons must be
leg permits, Cerrgos' city planners care- department and the developer. Three fac. traded off against the real benefits of a
fully scrutinized building plans and In- tots may be cited in the success of these greatly improved noise environment.
slsted on specifying a variety of sound negotiations in achieving satisfactory Considering Ihe popularity of similar
reducing design and construction lea. nolselevels: developments In Cerdtos it Is likely that
tures. Some of these changes are Illus- Tract 29444 will bea popular success.
trated In the tract plan (see Figure A-3): 1)The legalauthority to veto building plans

which do not meal acoustical specifica. Action for Noise Rc_ductlon Cerritos,
• A 9 foot high concrete block wall on top floes, backed up through the political California's program for highway noise

of an 8 foot earth berm provides a shield willingness to exercise this veto if nares, compatibility control utilizes a wide
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Appendix A: variety of techniques. Three aspects of that developers are constrained to areas. It has instead, chosen to Isolate
Cerdtos, Cal. this approach stand out as most Impor. cooperatewlth theclty. While other corn- Industrial uses in sections sway from

rant in evaluating its appllcabllgy to munltles may possess the skill to form resldenltal areas.l This decision sm-
other communilles; strict legal conlrols, Ihls planning role, they may find It dlffl- phaslzes once again thai noise con-
active municipal design review, and the cult to achieve the same high level of slderatlons, even _n the most environ-
Implementation of noise reducing con. cooperation on the part of private devsl- menially conscious communities, are not
atruotlon techniques, opera. The role of the Cerrltos city gov- the sole criteria for land use planning,

ernment in helping to educate developers
. Sir c fegar controls on noise in Cerdtos and architects about noise reduction CaseStudy 2:
result from a variety of state and local lechniques can certainly be adapted 1o Somerville, Massachuseltelaws and regulations. Some of the mosl
important mechanisms are the Environ- othercommunitles. Somemil]e, Massachusetts, located 3
mental Impacl Report required by state Cetrltos' Implementation of noise rogue- miles from downtown Boston, is an old
law and ImpJemented by focal govern. Ins conslructlon lechnfques provides urban residential community with a
rnent gulderlnes which result in planning Imporlant lessons for othercommunitlea, declining population. (Sea Figure A-5) Its
for noise in the Initial stages of project SigniflcanlJevete of noise reduction have residents, primarily middle Income and
design; thegenera] plan for future devel, been achieved in residential develop- consisting largely of elderly people and
opment which is backed-up by strict ments wghoutdestroylng their economic young transients, are only recently be.
zoning ordinances; and a variety of local vtablgly, Someof lhese techniques could coming concerned with highway noise
noise regulations aimed at the specific be appliedanywhere inthe United States. due to the construcllon of rnterstate 93
noise problem and adapted Is local land Others, such as air conditioning, would through the heart of a densely pepulaled
use and construction paltems. Many of raise quesllons of economic vlablgty In resldentlaJ area. Uotg the recent citizen
these gulderlnus could be adopted in olher areas. The widespread use of con- concern, the local government has done
other communities with minor modlflca- crete noise watts may be more difficult to Iltlle is reduce noise Impacts, The whole
lions, if local and statewlde political transfer to other locations. In Corrltos, Issueof noise pollution Is relatively new,
support are available. The most difficult these walls are not oul of place with the and, in any case, the oily has been
aspect of Ihs Csrdtos environment to domlnanl Southern Csgrorn[a archltec* almost entirely built up for sevsra/
transfer Is the political commitment on rural styles. In many olher parts of the decades, leaving little opportunity to
the part of public officials to solving country, however, the lack of open space change rand uses to ones that are noise
noise problems, and the inward looking courtyard effect compatible. The City of Somerville has

no noise control laws; the only slgnlll-
of the noise wall may be aesthetically cant noise standards are those set byCerrltos' approach to noise problems am- unacceplabre.

phaslzee the acl of participation of city the U.S, Department of Housing and
planners In all development activities to One Imporlant technique for noise Jm- Urban Development from which the cgy
Insure that environmental and aesthetics pact reduction which has not boon ap- hassoughl funding.
slandardsarebslng achieved. This active plied In Cerdtos is Ihe prohibition of
planning role, In which the city govern- noise.sensitive uses, particularly reel- Role of the Local Government At present
merit sometimes appears to perform dences, In high-noise zones, The Car- there [sa trend towards new housing
many of the funcllons of a private dtos general plan spectflcagy rejects the conslructlon InSomervl[le, largely duets
developer, is possible only because of option of placing Induslrlal uses along the strong support of the Mayor, It is
the high level of skills of city planning the freeway borders, because it wishes to possible that, although Somerville has
officials and successful only because the preserveconllnulty with existing reslden, done Jiltle to regulate noise compatible
demand for land in Cerrltoe is so intense tlal developments adJacenl to these development to date, concern for such

1 Cny of Cerrnos, California, Gen.
era/nlatp, 1073. p, 11.04.
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AppendlxA: regutation will Increase Inthe future be- proximity Io Boston, In fact, since 1950, Interstate 695, the "Inner Belt," was
Somerville, cause of the city's need fornew federally Somerville has experienced a 13% decline planned to link communities inside Routs
Ma, assisted housing. In population, and economic opportun- 128, andconneot Interstate 93, approach-

Ities have been reslrictod by the lack of Ing Boston from the North, with Inter-
Role of Federal and State Govoroment space for industry, state 95. It was designed as part of the
When Federal funding Is required for ' 1949 Master Highway Plan for Metropoli-
construction of projects suchas housing The onlyland available for redevelopment tan Boston. First Ihe route, and then the
or schools, the projects must satisfy an- was recently changed from an Industrial rationale for the Inner Belt were ques-
vironmental Impact requirements, which to a residential use, This site, known as tioned by the communities through
Include noise criteria. WIIh regard to the Inner Belt Urban Renewal Project, is which It was to have been built. In Jane-
highway noise, developers must show Ihe focus of the case study. It demon, ary 1969, Governor Sargent stopped work
that noise levels are within levels which stretes, among other things, the effec- on it, and on Febrary 11,1970 he declared
the Department of Housing and Urban tlveness of an executive-legislative form a moratorium on all major highway pro-
Development considers to be compatible of government In implementing change, Jects Inside Route 128 which were not yet
with the project, In the case of the Inner The study site was odginagy zonedindus- underway. Unforlunately, Somerville end
Belt Urban Renewal Project, traffic noise Vial because of plans to build a highway other communities had already made
levels am presently too high for HUD's nearby, However, thehighway planswere plans which depended on the construc-
approval. Funds are being withheld until discontinued leaving the spot unmarket- tion of 1-695. For example, the Inner Belt
the developer can reduce the noise able for industry and yet too noisy for Urban Renewal Area was to be bordered
Impact to compatible levels. This case residential use because of heavy truck by the Inner Belt, making It ideal for
study describes the administrative end traffic on adjacent roads. The need for Industrial development, But when the
physical techniques used by the City of housing and the mayor's innuence Inner Belt was cancelled, the site proved
Somerville to reduce noise Impacts on changed the site's future from Industrial unmarketable for Industrial uses. Fur-
the urban renewal site to compatible to residential, A federally funded low thermore, under the present lteavy truck
levels, income housing project is planned, thus traffic conditions and consequent noise

making the site subject to the Depart- around the site, the site is also unsult-
The City of Somerville also has frequent ment of Housing and Urban Develop- able for housing, and will not receive
dealings w[tlr the State of Massachu- ment's noise compatibility guidelines, funding from the Department of Housing
setto, Somerville and the Massachusetts NoleoSeurces and Levels In recent years and Urban Devetopment until noise Ira-
Department of Public Works have been pacts are reduced, The success of the
Involved in controversies over the Ioca- Somervgie has been frequently con-

fronted with the problems of highway present residential plan depends upontIon of state highways in Somerville. The
Department of Public Works has tile location end highway noise, Because of the relocation of Washington Streetthe Importance of wholesale and retail south of the project site end Ihe specialpower to locate and relocate roadways,
Two highways which have directly af- aclivlties to the local economy, much location of a proposed 1-93off-rarop near
focted the project site under considers- trucking takes place giving several the site, Thus the future of the project
tion are Interstate 695 and Interstate 93. streets extremely high noise levels, depends upon the decisions of Ihe

Amen0 Iheae are Mystic Avenue, Pros- Department of PubllcWorks.
Somerville's housing stock le obsolete', pact Street, and Alewife Brook Parkway.
99,1% of its units, rooatly wooden two- lnadditlen,thereis heavytruck traRIc on The Case Study Silo The Inner Belt Ur-
family houses, were built before 1939, the McGrath I-Ilghway and on 1-93, A map ban Renewal Project Is a 23 acre urban
Thus, Somerville has not attracted new showing the distribution of these noisy renewal block located In East Somerville,
residents who might profit from the city's streets follows In Figure A-6, It is bordered on the north by Washington
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Appendix A: Street, on the west by the McGreth High- 1)The major noise sources are all placed on Iruck traffic than Is presently on aid
Somerville, way and on the south and east by the one side of the site, the southern Washington Streel. Furthermore the
Me. Boston and Maine Railroad, (Figure A-6) boundary. The most critical noise reduction and possible removal of traffic

It Is zoned for industrial use, but current source, Washington Street, is relocated from OIdWashlngton Slreet will have the
plans include a mixture of res[denllal, from the northern boundary of Ihe site to advantage of tying together the reslden-
office, and commercial facilities, it was the southern, In order to succeed in this tlal neighborhoods of East Somerville
initially zoned industrial due to its prox- part of the plan, the Somerville Redevel- and Ihe project area. And a relocated
Imlty to the Boston and Maine railroad opment Authority has had Is negotiate Washington Street would serve as a
tracksand the proposed location of Inter- with the Slate Departmenl of Public buffer between the project area and the
state 695, the Inner beltway. In addition, Works. It is not yet clear whether the Inner Belt Industrial Park, (See Figure
an Industrial park Is located south of the Department of Public Works will relocate A-10) Also the choice of Alternative "C"
project area. Washington Street, and thus the future of for the off-ramp wourd have the least

the project is uncertain. The proposed noieelmpactontheslte.
Under present conditions the Somerville Interstate 93 off-ramp is located south ofsite Is extremely noisy, it is the noise

the site behind the "new" Washington Anothernoise reduction method which is
created by the heavy truck traffic on Street, The Somerville Redevelopment being considered by the Massachusetts
Washington Street which runs along the Authority Is presently negotiating w_th Department of Public Works Is to depress
entire northern boundary of the site Ihe State Department of Public Works New Washington Street several feet
which Is the most serious, as the amount about the location of the off-ramp, There below the site. This would also have the
of land fronting on McGralh Highway is are three alternative locations for this advantage of removing the visual Impact
small, and railroad service in the site area ramp, each st which allects the project of passing truck traffic from much of the
is infrequent. An additional noise prob- site In varying degrees. Alternative C is site. If the road Is depressed, the site
lem Is that presented by a projected Inter- the one preferred by the Somerville Plan- plan envisions erecting a berm along the
state 93 off-ramp whEch will be located ning Board, Figure A-8 Illustrates the roadway to create a noise barrier equiva-
near the project area, as well as the alternatives, The Industrial Park Is pre- lent to one story when one combines the
industrial park located south of the site. sently located south of the site, behind height of the berm and the depth of the

According to the preliminary environ- "new" Washington Street, thus concen- roadway, The cost of such a berm Is felt
mental Impact report prepared for the trating all three noise sources on one to be quite small as the necessary earth
Somerville Redevelopment Authorlly, side of thesite. would already be on the site,

there Is no external location on the Inner 2)The housing units are placed close to the Other Possible Solutions end Why They
Belt Urban Renewal site which falls un- northern boundary of the site, as far as Wore Not Applied Due to cost con-
equivocally In HUD'e"clearly acceptable" possible from the noise soumos. They straints, site planning bas been the major
category.1 Furthermore, the area within are buffered by open spaces, retail face- means of noise reduction considered by
110 feet of Washington Street would be ities, and a health clinic, (See Figure As9) the architect. Other alternatives such as
"DIscretlonary--normallyunacceptable"2 barrier construction and soundproofing
for housing because of its exterior noise If Washington Street were relocated were eliminated because of their ex-
levels, The rest of the site falls in the south of the site, and Alternative "C" pense,
category of"Discretionary--normally ac- were chosen for the ramp location, the
ceptable."3 The present noise contours entire site would then be classified by It would be possible to useslronger site
on the site are Indicated in Figure A-7, Hue as"discretlonary--normally accept- planning techniques to minimize noise,
The site plan employs two major tech- able, ''4 due to the proposed 1-93 ramp. Putting all of the non-residential fac]li-
nlques of noise reduction: Now Washington Street will have Jess ties along New Washington Street would

tAccord lalg Io H UD's crll orll_, 2 T_118=standatd roqu Ires an LSS be- 4 It Ia assunlod by the dEIvFsloporand
"acceplablo" noise Iove_= arm twoon 65 de (A) and 75 da (A I, the SomervllJo Planning Board
those wnJch do nol exco(id 45 d BA Ibic/,, e, e. Ihat the nol_o 10vole Item Now
for mc re Ihan 30 mlnute_ per 24 Wa_iUngton Slroet win be
nolJrB. HUO_ eoparlrilQnlal Clr- 3 T_l_SotartdaI[J rosu h'os an L33 be- negligible. Tnerorore_ no rlolso
¢ularleeS,S, NotseAt_alflmOnland Iwoen45dBtAtandeSdB(el, cordours Item Now Washington
CeriSe/: D_parlmenralPalicy, Ira- Ibid., n. 8. sIfeel ar_ 8hewn In Ilgule A-1O,

ioamenrarion nt_span_l_/lllles, and 76
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Appendix A: create a more effective noise buffer for The site chosen for consideration in this speclallytnterested group.

Marshflnld* the housing, However, this solutierl has case study is e two-mile slrlp of primarily Marshfleld and Pembroke each have a
Pembroke, beenrejactedbylheslteplannerbecause undeveloped land along Route 3, Be.
Me. of access conslderetlons for theresldents cause Roule 3 runs along the borders of planning board consisting of five part-

of tire East Somerville Neighborhood, both towns at this point, part of the site time citizens. The Planning Board is
Placing all of the retail and olher belongs to Marshfietd and part to Pem- responsible for zoning, administering the
facilities at the easlern and of the site broke, involving both towns In the noise subdivision control law, and long-range
makes a more attractive and accessible problem. The two lewes took an initial communlly planning. It Is required to
shopping area, step of zoning most of the land near the hold a public hearing on zoning changes

highway for Industrial tees, but neither and then to make its recommendations to
A technique of noise Impact reduction the Town Meeting. That board members
which has been re[ected In the Somerville town has had much industrial develop- are part-time and not necessarily profes-meet. I1the need for residential develop-
case Is the development of land In ac- meet should arise, the use of this site slonal planners is a disadvantage in-
cordanee with its compatible zoning may have to be rethought and residential herent In most small town governments,
c)assilication; in this case, industrial, developmenteonsidered. Both Marshfleld and Pembroke have
Development in accordance with a corn- zoning bylaws which divide the towns
petible use has proved Impossible due Io Both towns have town meeting forms of Into business, Industrial, and residential
the site's unmarketability for Industrial government, The leglslalive body is the districts. (See Figures A-12 and A-13)
uses and strong political pressure for Town Meeting, consisting of every regis- Development has been relatively light In
msldentlaldevelopment, tared voter In town. All town business, both towns, with each being roughly
CaseStudy3: from approving the budget to zoning, is 25% developed. Significant portions of
MerehBeld*Pembroko, voted on by the Town Meeting. The the land in each town are classified as
Mseeeohuselts benefits of this democratic form of gov- wetlands which severely restricts, and in

Marshfleld end Pembroke are neighbor, erement are Inherent in the fact that sorne cases, prevents development. Most
ing residential communities in rural anyone can have a voice In the town of the developed land Is residential. AI-
southeastern Massachusetts. Because of affairs if he attends the town meetings though both towns have been actively
highway access to both Boston and Cape and votes. The disadvanlages of this atlemptlng 1o attract Industry, much of
Cod, the two communities have more form of government are due to the fact Ihe land zoned industrial remains vacant.
then doubled their populations In the that most townspeopfedo notattend the Somecommerelalzoneshavebeendevel-
past decade. The residents are primarily meeting unless they are padlcularly oped; however, this has resulted in an
middle income families. (See Figure Inlerestedandloraffectedbyaparticular excess supply and there are a number of
A-11) article, in fact, it is often difficult to get vacant stores and offices in these areas.

the required five percent quorum at
At present, the town governments are not special town meetings concerning non- Most of the residential development has
especially concerned about highway conlroverslal matters. Thus, a town been single family lots, both because of
noise. NO regulelion te control land uso meeting can lend to become "packed" the demand for this type of housing and
compatibility exists or is contemplated, with those who have a special Interest In the desire of file townspeople to prevent
However, if residential development pro. s particular article and are therefore mulU-famlly residential development.
coeds at the present rate, the land along highly motivated to attend, It can accord- Marshfleld's opposition to multi-family
Route 8 may present a noise compatlbll- ingly become very dlRIcult to pass, for housing began in 1968 when it was voted
Ity problem with which the two comm unl- example, a zoning change with the re. legal at the Town Meeting. What resulted
ties will have Io deal. qulred _ vote when It is opposed by a was a rapid andextensive development of
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AppondlxA: multi-family dwellings along Route 139, excepl for the land along Route 139 and Marshheld, casts doubt on the posalbll-
Marshfteldo which the townspeople found to be the tnterchangu where it is commercial, Ity of a shopping plaza at Ihe case study
Pembroke, unattractive and disruptive to the small and, In Ihe extreme north, where It is site.

Me. town atmosphere, By lg71, the town residential. Development of the Industrial If, however, the residential growth of the
voled to prohibit anY further multi-family zones In bolh towns has been very slow, two communities, and the surrounding
residential development; and, with the with almost all of the land remaining
present local atldude towards this type vacant despite efforts to market II. There area continues at its preeent rate, theremay eventually be a demaild loran Indus-
of development, It is unlikely that It will has been some construction of new trlallresearchlol_lee park or a shopping
be allowed In the next 10-15 years, Pem- homes in Marshfletd In the site area, but
brake's zoning permits multi-family resI- this has been limited to one street with center In the site area.
dances in a small portion of town, but no homes within sight ol the highway, While industrial development In the near
most of the land so zoned is actually Commercial development has been more future Is not certain, residential develop-
unbugdable due to state and local wet- exlensive, with the land along Route 139 ment continues. In 1973, the consultant
lands restrictions, and the Interchange more than 50% de- working on a master plan for Ihe Marsh-

Noise Sosrcos The principal noise veloped, field Planning Board predlcled that the
sources in the study are highway noise An interesting question raised by this lawn would reach 4O,00O residents by1990 despllc downward changes tn the
from Routes 3 and 139, Route 3 is a case study Is whether the induetdally birthrate and tighter zoning and subdlvi-
high speed, Smiled access highway with zoned land In either town can be devel- sion laws in the town. At present, the
extensive automobile traffic and some aped as such in the Iorseeable future. If It
trucks, Route 139 Is a three.lane stale con, the concept o1 zoning the land for town has room for roughly 25% moreresidential davelopmenl.
road with numerous entry-ways. Con- compatible uses only wig have proven

slderabla roadside development exists, A viable inthis case. If, however, It can not, Plans for Noise
frequent source of local complaint is pressure wig eventually come from the Reduction-Actions
related to graveltrucks which trover west landowners to rezone the land. Then,
on Route 139 from gravel pits In Marsh- Marshfleld and Pembroke will be faced Being Taken
field on their way Io Boston on Route 3. with the task of finding another method Zoning tar Industrial use has been the
The Route 139-3 interchange Is also a to insure noise compatibility. At present, only action laksn that insures noise cam-
source of noise because of accelerating there Is some evidence tllat an Induslrial patibil]ty; however, It should be empha-
and decelerating vehicles. There are no usa of the area will not be marketable, sized that the issue of noise oompatibg-
nearby major Indualrial or railroad noise While Industrial development has been Ity is one willch simply has not beenraised. This is primarily due to the fact
sources. The local airport in MarabNeld is exlenslve for the pasl few decades along that these two communities do not feel
reslricted to non.Jet operations, and it 8asian's Route 128 beltway, it has not
constitutes onlya trivialnoise source, made any significant progress along the threat of a noise compatibility prob-

Route 3, despite ettorte by the local lem. The area Is sparsely populated and
TI'io $fl.ldy Site The eludy site is a two. industrial commissions to attract In- Ihere Is no real demand for residentialdevelopment along the highway, In the
mile strip o1 land along Route 3, which dustry. case that some residential development
roughly follows the boundary o1 Marsh- A commercial use o1 Ihis area may also does occur, Ihe natural terrain and the
field and Pembroke. Route 139 Intersects
Roule 3 midway along the site strip. (See be unlikely, There is a major shopping original highway design combine to helpplaza located five miles north of Ihe site considerably In the attenuation of hJgh-
FIgLIreA-14) at a Route 3 exit, This, along with the way noise transmitted to adjacent areas.
The study site is mainly zoned industrial, current over-supply o1 relad space in Grade separalton aids In the area north of
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Route 139 where Routs 3 Is first de- for a buffer strip would be practical and wsrenot met,
pressed In e cut designed to bring it easy to Incorporate into the zoning by- For conventional subdivisions, the pro-
down towards the valley of the North laws, With 40,000 or 43,560 square foot cedure Is slightly more complex, Marsh-
River and then elevated as It crossss the minimum lot sizes, rear lot depths of over field's zoning presently requires a certifi-
valley. South el Route 139 the elevation 200 feet are to be expected even without cats of occupancy which can't be Issued
of Route 3 approximates that of the sur- the provision fsr a buffer slrip. Requiring unless all provisions of the zoning bylaw
rounding topograplly with small cuts and that a portion of the rear yard be a buffer and of the building code have been met,
fills as necessary to compensate for the with appropriate plantings provides no Thus, the Town Meeting could vote to
uneven surroundings. In this area the additional hardship, amend either the zoslng bylaw or the

land on both sides of the highway Is Both towns presently require buffers on building code ts prohibit construction of
heavily forested, Only if the land is re- industrial lots between industrial uses a residence in areas where the ambient
zoned residential and substantial devel- and residential uses. Marshflsld also re- noise level exceeded a certain specified
opment occurs will the noise become quires buffers between business and level, The legality of StlCh an amend-
obvious, residential uses and around cluster de- menl, under state law, would be subJecl

velopments. This provision could be sx- to the approval of the stale Altornsy
Plans for Noise tended to highways In the zoning bylaw. General, and would be subject to sub-
Reduction- Applicability sequent challenge in the courts.
of Other Actions: Site Planning - Subdivision The terrain is
Borms or Barriers The view along Route sufficiently hilly to provide numerous Pembroke would have to Incorporate the
3 as one drlveslnto the case study area is low-noise pockets in the land near the occupancy permit itself into its zoning
most pleasant, changing from cranberry highway, This, along with the large re- bylaw before taking such noise related
bogs to woodlands. Just beyond Route quired lot size would make site plan lay- action.
139 the long incline to the valley of the out to minimize noise Incompatibility a
North Riveraffords a spectacular view of very practical undertaking, If the pre- A modification to the rules and regula-
the tidal river meandering through the sently zoned industrial land was rezoned lions of the Planning Board could require
salt marsh and of the low hills beyond, residential, This Is especially true for acoustIcalsitsplennlngeltheronadefln-
Any attempt to construct berms or bar- cluster subdivisions which are permitted give basis (such as specifying a maxl-
dars wltich would affect these scenic in Marshfield, mum noise level In dBA) or by requiring,

views would be politically unacceptable, There are several methods available In as part of subdivision submittal, a state-

In Marshfleld, for example, there is a the e):lsting laws of each town to Incor- meet of noise compatibility measuresbeing taken. These, too, would be sub-
Watershed Association, an Historical poratsacoustlcal site planning, ject Iocourt challenge,
Commission, s Conservation Commis- In Marshfield's cluster zoning, sile plans
sign, an Historical Districts Committee
and a Beautification Committee, all of must be approved by the Appeals Board, Site Planning- Individual Lots Again, the
whom could be concerned with the an appointed body which is responsible uneven terrain and large required lot sizefor granting special permits, zoning varl- make this method s practical possibility,
scenic end historic river, Any article on ances, and cluster plan approval, If Enforcement could follow the methods
the town meeting warrant to require acoustical guidelines were Included in listed above, but would probably have to
berms or barriers faces certain opposl- the cluster provision of the bylaw, they include some provision for exception
lion from at least one of these groups, would be considered by the Appeals where such site planning Is impractical,

Baffarfltrfpelfeithertownrszoned the in- Board. The Board could then reject a Otherwise, the legality of such a regu-
dustrlal area to resldsnt1_l, a requirement cluster subdivision plan if the guidelines lation would be in doubt,
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Appendix A: Height Limitations A Ilmgatlon of build- zoning bylaw, or by a similar procedure
Marshfleld- ing height toaslngle story near the high- which could be voted by Pembroke's
Pembroke, way could be accomplished by use of a Town Meeting,
Ma, superimposed district• One problem with

Imposing height restrictions in this case Design Semlcos Neither town nasa pro-
is that it may be an unnecessarily strln- fesslonal design staff wllh the ability and
gent restriction. The large required lot lime to provideacoustical guidance to In-
size and the hilly terrain will In many dividual builders. It is unlikely that the
cases make other measures such as lira- Town Meellng would decide to fund such
Itlng height unnecessary. Furthermore. amunlclpalservloa.
such limitations might interfere wilh the An Architectural Review Board could pro-
panoramic view which would otherwise vide such a service, At present no such
be available to homes near the North board exists in either town, and there has
River, While special height restrictions been little more than vague talk of found.
might be incorporated Into the zoning ing one, However, each town has a large
bylaw or building code of either town as pool of potential members for such a
one of a series of stated alternative board, and the towns could certainly
choices available to the builder, the ab- benefit in many ways other than acousti.
solute requirement for such restricted col design if such boards were created.
height would be unrealistic and probably Whal is needed Is the key person to serve
illegal as catalyst towards the founding of an

Architectural Review Board.
Acoustical Archllooturel r_oelgn Archi-
tectural building design in conjunction AcoustioalConetruotlon The location of
with site planning would be a practical the study site Is in an area of the country
method of utilizing the existing topogra- where temperatures rarely exceed 90
phy and vegetation to reduce noise Ira- degrees and where proximity to the
pacts while still taking advantage of the ocean and tidal marsh olten results In
scenic attributes of the area. Imple- cooling sea breezes. As such, air condl.
mentotion of such a program of acous- tiening of residential homes is Infre-
tical architectural design becomes, how- quont. Any building lechnique which
ever, more a matter of incentive and calls for sealing windows and cooling
eduaflonthaneniorcement, with air°conditioning Is therefore im-

One possible legal method of enforce- practical.
ment available to the two towns would be
the inclusion of maximum permitted
interior noise levels in the Board of
Health's regulations, the Building Code,
or the Planning Board's subdivision rules
and regulations, Enforcement could be
via the occupancy permit procedure
which already exists in Marshfield's

8g
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AppendixB: Noise munlcaltons and the perception of other

Effects, Measures, auditory signals
• Noise candisturb sleep and relaxation

Standards, and • Noise can interfere with an individual's
Predictors ability to perform complicated tasks.

• Noise can be a source of annoyance, ]t
can Influence mood, and can otherwise
delract from the qualify of life. 2

As of yet, no one has been able to calcu-
late the dollar cost of noise, but knowl-
edgeable people think it Is high. 3 The
areas which highway noise affects eco-
nomically are a) property values, b) Im-

Thlsappendixcontalnsbrlefdlscuss]ons paired health, and c) lowered working
on the effects of noise on human life and efficiency. Property values have been the

area of greatest concern because this ]s
economics, a definition of the noise where financial impacts are most Jmme-
measures and descriptors used In this dtately felt and clearly distinguishable.
manual, a review of certain Federal noise Although studies have not provided con-
standards, and a I[sllng of three recent cluslve evidence that highway noise
noise level prediction techniques. The reduces property values, there are strong
issues of noise cosls, noise prediction indications that il does when the
and desirable noise levels are compJex property use is Incompatible with Iheand controversial These pages do net
attempt a comprehensive analysis of highway, as in the case of many reslden-

Ilal areas.4 Other economic impacts
these topics, nor do they advocate one which should be considered (although
particular standard or predictor, Rather, difficult to quantify), are those due to Ira-
they are solely Intended to provide an paired health and lowered working of-introductory background Is aid in the use
of this manual, licloncy.

The Effects of Noise Noise Measures and
The effects of noise on health are bolh Descriptors
physiological and psychological, though Sound is transmllted as rapid changes Jn
pdmarily psychological. PhysloJoglcally, air pressure which can be detected by our
excessive noise is capable of producing oars or by a sound meter, Acoustically.
hearing loss. however it seems unlikely we do not usually measure air pressure
that many people have suffered from changes In linear terms such as pounds
highway generated noise in this way.1 per square inch or dynes per square cen-
Psychologically, the affects are more timeter, if we did, we would find our-
widespread: selves using an astronomical range of

numbers Io describe the wide range of
• Noise can Interfere with speech com- audible sounds. Therefore we compress

1W. DIXOn Ward, *'Ellects of NOt=0 Federal Highway Admlnl=lrallon, 21J1_ Administrator of Ihe Environ°
on Hearing Thresholds," Noise as Final Envaonmental Impact Stale- _tontal Protecllon Agency, Report
a Put_llc He_tlth Hazarcl, ASH A merit Pursuanl to Sect ION 102 (2) to fhe PlesJ_font and Co_gto$$ on
Repel- s 4 (The American Speech (C), P,L. 01-100 - Nol_e Standards Noise, 92rid Congress. 2n(I Sub-
and H_.arl_g Association, and P_ocedules (Novornbor 1070), s_on, Documon_ NO, 02-93,
Washlngten_ e.c., Feb. 1060), pp, 183-186. (Washlnglcn, D,C,: Gov_rnmonl

pp. 40-47. gO Pdnling Of Pce, 1072), p_xxll.



the entire range of audible sounds Into a 150 Jet take elf (at close range on the
logarithmic scale which has the added ground)
advanlage el corresponding well to the 130 Machlnegun, rivaling machine
human ear's sensitivity to sound, The unit 120 Thunderclap
of measurement Is called the decibel 117 jet plane(atpassengerramp)
(de), 5 The meaning of the dB scale can 107 Loud power mower
best be seen from a comparison of com- 94 Pneumallc Jackhammer
men sounds with their dB levels. (See 90 Sportscar, truck, shoutedconversa-
FigureA-16) lion

50-
It should be remembered that logarithmic 60 Normal conversation
scales are not additive. That is, the corn- 50 Quiet street
blnation of two 70 dB noise sources does 40 Quiet room
not result In 140 riB; rather, the result is 0 Threshold of Audibility
approximately 73 dB.

A,16 Typical de Readings of
Common Sounder

1Harold W. erodln, **Oily Noise:
Deslgnors Can Raalore Quiet. al 8
Pace," Ptoa.ct EnQineori_g,
November 18,1960, p, 2S,

n Environmental Protect Ion Anoncy, Robin M. Towno and Associates, 5 Th8 rmaronco loyal lot 1his scale ]8
Ttte _conomlc Ifltp_ct or NoSo, In¢,. An It_vesf/gafion of the E/f_cf Of rile zoro n s p_es_ure of 0,0D02

.(Washlngton_ O.C., U.S, Gavom° Fteoway rralfic NolseonADarlrnent dynlcm 2.
m(_nt nrlnll_g OIIIce, # TID 300.14_ eallts, prepared for Ihe Oregon
DocemCor 31 _lC71 )t PP. 39.45. $1ale H_ghway Commission and

Iha Unllod Slalos Dep_rlmant ol
4 Departmonl of canlornfa Highway Commorce, Bursa. of Public gf

Palrolq Passeneet Cat Noise Survey, Roads, O¢lobor 1961.
(Sacramento, JanuarylSrO.)



Appendix B: Because we are Interested in human yeas- average and quietest portions, Because FHWA Standards
Noise tlon to noise, it is Important that a meter annoyance seems Io be more a function Presented here are Ihe noise standards
Measures measures noise In the same way that of the loudest of the noisiest vehicles, issued by lhe Federal Highway Adrnfnls-

humans perceive II, To the human ear, e.g., Irucks, the L10 deserfplor correlates tratton for use by stale and Federal high*
roudness Is nol only a function of sound best wtlh annoyance, way agencies In the planning and design

intensity, but also of sound frequency. Hi0hway Generated of highways:
Higher frequency sounds tend to seem NolsaStandards
louder to people than lower frequency Using the scales and measures described
sounds. There|ore, sound lever meters above, various studies have been done to
are often equipped wilh weighting net- delermJne noise levels which are corn-
works which give more weight Io higher pallble with existing land uses.1 Based
treqency sounds. There are three differ- on these studies, various government
entwelghtlngnetworks, designatedasA, agencies have established compatible
B and C, which give varying degrees of noise levels for regulatory purposes. Of
weight to high frequency sounds, High- particular interesl are the noise stan-
waygenerated nolsels usually measured dayds set by the U,S. Department ofwith the A-weighted network. The read-
Inge taken on the meter are recorded In Transportatlon's Federal Highway Ad-

ministration to regulate the design el
AowelghteddeclbeJs(dBA). highways passing through developed
In measuring noise which ffucluates, areas, and by the U.S. Department of
such as traffic noise, It Is necessary Io Housing and Urban Development to
consider some average of noise level regulate land use around exlsllng and
readings taken over time. In the case of proposedhighways. 2
highway noise measurement, it Is im-
porlant that tbfs "average" correlates well
with human annoyance to noise. To ob-
tain a meaningful measure of traffic
noise, readings can be taken periodically
over a period of several hours, and a
selected percentile level can be used.
Three commonly used noise level de-
scriptors are:
L1O - The noise level exceeded 10% of

the lime

L50 - The noise level exceeded 50% of
the time

L90 - The noise level exceeded 90% of
the time

The LIO nblse level Is an rndlsator of the
noisiest portion of highway traffic, while
L50 and LfO respectively represent the

1 e.g,, The Wilson Gem rnlllee_ luwot El_vkonmental SciBnca_ anc}Mlxo_iAeect+on, NatiOnal
Nel=o - FInal Report el It_a Oonlrnetea "Th_ EnvUonmen tel ChaEe_go of Academy ot ScJonces: Naeonal
on lho Problem olNolsa (HMSO, Iho seventies/' ISOslOn, Mas. Academy of Engineering, 1969.
London, t g631l Eflzabelil Cuadra sachuselts, April, 10TS) pp. 12-17;
and Dale R. Boland, *'RaJlonalo for and Hlehwav Research Board+ 2 In addlEon, 1he U.S. Environ.
Ihe Cornprehem=ive Control of Nat IonatCooporanvo Highway Re- mental Plol0ct Ion Agency rosu-
Urban Noise," paper pte_enled at search Program Report 78, High- g2 lares vehicle no Joe emissions,
relh a_nual meeung of tho lnsE. way Nolso Moasulemonf, S/rn_laEon

_._ _ !_i _i :. ..... ' ....
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Design Noise Level/Land Use Relationships 3

Land Use Design Noise
Category Level. L10 Description of Land Use Category

A 60 dBA Tracts of lands In which serenity and
(Exterior quiet are of extraordinary significance

and serve an important public need, and
where the preservation of those qualities
Is essential If the area Is to continue to
serve its intended purpose. Such areas
could Include amphitheaters, particular
parks or portions of parks, or open
spaces which are dedicated or recognized
byappropriate local oMcla]s for activities
requiring special qualities of serenity and
quiet.

B 70 dBA Residences, motels, hotels, public meal-
(Exterior Ins rooms, schools, churches, libraries,

hospitals, picnic areas, recreation areas,
playgrounds, active sports areas, and
parks.

C 75 dBA Developed lands, properties or activities
(Exterior) not Included in categories A and B above.

El -- For requirements on undeveloped lands
see paragraphs 5a(5) and (6], this PPM.

E 55 dBA Residences, motels, hotels, public meet-
(Interior) Ing rooms, schools, churches, libraries,

hospitals and auditoriums.

3 U,5, Dopartmer_t of Transports*
lion, Federal Highway Adrnlnlstra-
non, Pollcy anct ProceSu_ Memo.
tan_um 90.2* t_o/s_ Sfatl_ards and
PtoceSure_ (Februar't I_,197gt,
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Appendix B: These levels represunl a compromise be- HLID Noise Level Crilerla
Noise tween whal Is desirable and what Is
Standards acheivable; hence, local officials may Exterior

want to strive tar lower levels in con- discretionary° normally acceptable 65dBA-L33
trolling compatible land use develop-
men t,t (nol to be exceeded m ate Ihan O oul el 24 hra.)

HUD Noise Standards clearly acceptable 45 dBA - L2
in 1971, the Departmenl of Housing and (halIobeaxcoededmorothan30rflin.oulofe4hrs.t
Urban Development adapted noise stan-
dards for use by builders of Federally- Interior

funded housing:2 clearly acceptable 45 dBA - L33
(not to be excoodod m ore Ihan 8 out of 24 h re.)

55 dBA - L4
(nottobe oxcoocis_moreth_n1oulo124hrs,)

night: 45dBA - L6
(not Io be excuodod more Ihon 30 rain, OUl of 8 hrs,)

t FHWA, FmalEnvitonmentaHmpacl 2US Oopartmonl el Houl;Ing And
$1atamOtll Pursuant to SBcliot_ Urban Oevelopmont_ Depatttilenl
102 (2| (C), [_L. 9forgO, Noise C#cu/ar 1390.2, Noise At_aloment

Stan_rcts and Ptocod_lres IFHWA _lld Controh DeParlmolllal PO/ISX,
EIS-72.020F, Waaffinglon_ e.c,, /mp/em_nla_n e_sponslb_fi_s, and
November', 1972l 16ol 7, Standards tWa_hington, D.C,,

Augusl 4, 1072). 94



_i_,̧ _ j

Prediction el Noise
Levels
Determination of the noise level near an
existing highway simply Involves taking a
series of readings over a sufficient time
interval at appropriate locations near the
highway,

Direct measurement Is not possible, how.
ever, when noise levels near an uncom-
pleted highway project are desired, when
traffic patterns have not yet reached
the ultimate levels, or when some
nearby action such as construction of a
barrier or removal of a forest, may affect
the noise pattern. Furthermore, direct
measurement may not be practical in
large scale projects where data on thou-
sands of points along many miles of
highway is desired. In these cases, usa
of one of many noise prediction tech-
niques Is appropriate. The following are
two techniques which are readily avail-
able for use;

Traffic Noise Prediction Model MOD 2
A computer program described In Report
No, DOT-TSC-FHWA-72-1 available from
National Technical Information Service
Springfield, Virginia 22151

Htghway Notse- A Design Guideler High-
way Engineers
National Cooperative Highway Research
Program Report 117 available from
Highway Research Board
National Academy of Sciences
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